Study of the lipid requirements of the young dairy calf by Lambert, Maurice Reed
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1953
Study of the lipid requirements of the young dairy
calf
Maurice Reed Lambert
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, Animal Sciences Commons, and the Veterinary Medicine
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Lambert, Maurice Reed, "Study of the lipid requirements of the young dairy calf " (1953). Retrospective Theses and Dissertations. 12427.
https://lib.dr.iastate.edu/rtd/12427
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overiaps. 
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0000 

NOTE TO USERS 
This reproduction is the best copy available. 
UMI' 

STUDY OF THE LIPID REQUIREMENTS OF THE 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject; Dairy Husbandry 
YOUNG DAIRY CALF 
by 
Maurice Reed Lambert 
Approved 
I^ ad of'^ fe^ ^^ a^rt^  
Iowa State College 
1953 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP11826 
IMl 
UM! Microform DP11826 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. 80x1346 
Ann Arbor, Ml 48106-1346 
ii 
SF^05 
L I 7 i-s 
TABLE OF CONTENTS 
I. INTRODUCTION 1 
II. REVIEW OF LITERATURE 3 
A. Filled Milks 3 
B. Semi-synthetic Milks 5 
C. Phospholipids l5 
D. Blood Lipid Values 17 
E. Role of Essential Fatty Acids in 
Nutrition 28 
III. EXPERIMENTAL 39 
A. Management of Calves 39 
B. Preparation of Rations 41 
C. Dietary Groups 46 
D. Records 51 
E. Chemical Methods 51 
IV. RESULTS 55 
A. External Manifestations of Fat 
Deficiency 55 
B. Body Weight Changes 60 
C. Feed Efficiency 69 
D. Plasma Fat Values 78 
E. Plasma Phospholipid Values 80 
F. Plasma Total Fatty Acid Values .... 82 
G. Plasma Polyunsaturated Patty 
Acid Values 82 
V. DISCUSSION 91 
VI, SUMMARY 105 
VII. CONCLUSIONS 108 
VIII. LITERATURE CITED 109 
DC. ACKNOWLEDGMENTS 123 
-1-
I. INTRODUCTION 
The relationship of lipids to the nutrition of the dairy 
calf has been the subject of experimental work for over half 
a century. For the most part these studies have been de­
signed to find a cheap substitute for milk fat. Research 
has shown that calves cannot tolerate highly unsaturated 
crude vegetable oils, such as, soybean, cottonseed and corn 
oils. When such oils are included in reconstituted milks 
and fed to young calves, poor growth, severe diarrhea, 
and a high incidence of morbidity and mortality result. 
Hydrogenated vegetable oils, lard and tallow have been found 
to be more satisfactory. Similarly, skim milk and other low 
fat whole milk replacements are acceptible to the calf, but 
due to the lower energy content resulting from the low fat 
level, growth rate usually is less than for calves fed 
whole milk. In most studies of whole milk replacements, 
critical evaluation of dietary fat requirements has been 
impossible due to inclusion of supplements such as hay and 
grain and/or to Inadequate length of experimental period. 
There have been no studies to determine whether calves re­
quire dietary lipids and to discover the manifestations, if 
any, of fat deficiencies. 
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The relatively recent development of equipment and 
methods to study the polyunsaturated acids has made the 
present investigation feasible. Factors vjhich have served 
to focus attention on this problem are (1) certain feeds are 
becoming increasingly lower in fat content due to the new 
solvent fat-extraction procediires, (2) equipment for ex­
tracting butter fat from milk has been greatly improved, 
(3) most whole milk replacement formulas for calves are ex­
tremely low in fat and (4) more fundamental information on 
fat metabolism, and especially the role of the polyunsatur­
ated fatty acids and phosphatides, in the calf is needed. 
The objectives of this study were to determine whether 
the unsaturated fatty acids, linoleic, linolenic and arachi-
donic, are essential in the diet of the young calf and to 
study the role of phospholipids and neutral fats in the 
nutrition of the dairy calf. 
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II. REVIEW OF LITERATURE 
A. Filled Milks 
Various aspects of fat utilization by calves have been 
studied for many years. The low price of vegetable oils has 
encouraged their substitution in calf rations for the more 
expensive butterfat. A report of such substitutions was 
made as early as 1894. At that time, Lindsey (88) obtained 
fairly good growth in the calf when tallow gind oleomargarine 
were combined with skim milk and brown sugar. 
Crude soybean oil has been found to be markedly inferior 
to milk fat in oil-filled milks for young dairy calves (14, 
59# 60, 78, 97J 114). Gullickson £t (60) found that 
calves could not tolerate crude soybean oil at the 3>5 per 
cent level in skim milk. Murley ^  (97) obseived that 
calves receiving crude soybean oil made inferior dally gains. 
Frequent and severe diarrhea and lethargy were noted. Bar­
ker et (10) noted a high incidence of scouring, retarda­
tion of growth, rough haircoat, excessive morbidity and 
high rate of mortality among calves fed crude soybean oil. 
Jacobson et al. (78) found calves were able to tolerate 
crude soybean oil at a two per cent level in the skim milk 
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but growth was poor and there was a high incidence of 
diairrhea. 
Corn and cottonseed oils apparently are similar to 
crude soybean oil in their effect on calves (59, 60, 6l). 
Gullickson et {59, 60) concluded that neither com nor 
cottonseed oil produced satisfactory results when used as a 
source of fat in the ration of young dairy calves. The 
growth rate was slovj and incidence of diarrhea and mortality 
was high. Haecker (61) found rations containing two and 
three per cent com oil to be too laxative. 
Graham et (55) found that herring oil which contains 
a high percentage of unsaturated fatty acids was highly toxic 
when fed to goats, whereas this oil upon hydrogenation did 
not produce adverse reactions. This finding has been sub­
stantiated in studies of other highly unsaturated fats. 
Jarvis and Waugh (80) observed that growth and health of 
calves fed a purified diet containing hydrogenated cottonseed 
oil were better than those of calves fed a similar diet con­
taining refined unhydrogenated oil. Jacobson et (78) 
concluded from calf feeding experiments that hydrogenated 
soybean-oil-filled milk yielded results comparable to whole 
milk or butter-oil-filled milk. Other workers (10, 97) have 
observed that the nutritive value of soybean oil is enhanced 
by hydrogenation and that calves tolerate saturated fats 
better than unsaturated fats. 
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Gullickson al, {59> 60) foiind that calves receiving 
lard or tallow in skim milk at a 3.5 per cent level very 
closely approached those fed butter oil in grovjth and gen­
eral appearance. Hayden (69) indicated that 10-day-old 
calves can be raised to vealing age more economically on 
skim milk plus a commercial milk fat substitute, largely 
beef fat, than by feeding whole milk. Wiese et (132) 
reported that animals fed lard at the rate of 3.5 per cent 
in a synthetic milk were healthy and normal in appearance. 
Bate et al. (14) reported that feeding either soybean 
oil or butter oil separate from the remainder of the ration 
(skim milk) caused development of dermatitis and loss of 
hair. The hair on the inside of the rear legs began to fall 
out and the skin began to crack on the caives at two weeks. 
This alopecia and dermatitis could be prevented either by 
homogenizing the oils into the skim milk or by allowing the 
calves to eat hay and grain. Gullickson et al. (59), on the 
other hand, observed alopecia when calves were fed either 
corn or cottonseed oil despite homogenization of the fat. 
B. Semi-synthetic Milks 
Development of semi-synthetic milks is of recent origin. 
The initial studies of developing synthetic milks were begun 
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by Clark (30) in 1927. Before this time, synthetic milk had 
been considered more as a curiosity than as a basis for re­
search. Analyses of milk were not sufficiently complete and 
there was little information regarding the nature of even 
simple systems in which phosphate, calcium and citrate take 
part simultaneously in acid-base equilibria. 
Clark (30, p. 197) after studying the limited knov/ledge 
of the true chemical composition of milk assumed the composi­
tion to be as given in Table 1. 
Table 1 
Composition of Milk 
Components Grams per Liter 
K2O 1.80 
NaaO 0.72 
CaO 1.78 
MgO 0.30 
P2O5 1.50 
Citric acid 2.00 
CI 1.00 
SO3 0.11 
Casein 28.00 
Albumin 7.20 
Other proteins 0.20 
Lactose 50.00 
Fat 0.00 
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Clark (30, p. 192) used this information to prepare a 
synthetic milk. The following method was the most successful. 
Solution I 
Solution II 
Moles 
.0074 MgO 
.0211 KH2PO4 
.0104 Citric acid 
• H2O 
.0014 CaCOs 
.0014 H2SO4 28 cc, 
Solution III 
Solution IV 
.0141 CaCl. 
.0171 KOH 
.0232 KaOH 
Solution V 
7 grains casein and 
lactose in I30 cc. 
Ca(0H)2 
Grams 
.298 Dissolve with wanning 
,873 and dilute to 100 cc. 
2.185 
0.140 Dissolve cold. Dilute 
0.1 N to 50 cc. and use 
while fresh. 
1.565 Dilute to 50 cc. 
17.1 cc. 0.1 N Dilute to 50 
23.2 cc. 0.1 N cc. 
10 grains For 200 cc. "syn-
0.20 N the tic milk" in 
which casein rep2?e-
sents total protein. 
To prepare a lime-water as strong as 0.20 N 
thoroijghly saturate the solution while it is cooled 
with surrounding ice. Add this slowly to the 
casein, while the casein is being ground in a deep 
glass mortar. Finally stir with a motor-driven 
stirrer. 
Add 10 cc. of Solution 17. When the solution 
is free from suspended material add 10 grams 
lactose. As soon as this is dissolved add at once 
10 cc. of Solution III and 10 cc. of Solution II. 
Now set the motor at high speed and to the rapidly 
stirring solution add very slowly from the fine tip 
of a pipette 20 cc. of Solution I. When this addi­
tion is complete dilute the 'tailk" to 200 cc. •'Milks" 
prepared in this manner have the appearance of a 
very "blue" skim milk. 
This milk was stable v/hen centrifuged at 2500 R?M for 
30 minutes and v;as readily coagulated by rennet. The 
writer was unable to find any evidence that this milk has 
been fed to any class of animals. 
Early studies revealed that calves could not long sur­
vive if whole milk was the sole source of nutrients. Animals 
maintained on whole milk diets for prolonged periods were not 
healthy in appearance and exhibited digestive disturbances^  
anemia, tetany, lack of appetite and poor growth. Duncan 
 ^ (37) discovered that magnesium prevented the develop­
ment of tetany. Wise ^  (135^  136) demonstrated that if 
the v;hole milk ration v/as further supplemented by iron, 
copper and vitamins A and D many of the abnormalities could 
be overcome. Such supplementation had no remedial effect 
upon appetite. 
The earliest attempt to raise colostrum-fed calves on 
semi-synthetic milk was made by Johnson et (82) at Cor­
nell University. Calves two to ten days old were fed a 
purified ration consisting of an artificial mixture cf crude 
casein, lactalbimin, sugar, butter or lard, minerals and 
water. A dry mixture of starch, sugar, cottonseed oil, 
cellophane and minerals was kept before the calves after 
the first few days and they were transferred completely to 
the dry feed after about three months. Some of the calves 
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were raised to five and six months of age but the mortality 
rate was high and those that did survive made subnormal 
gains. Some calves died in tetany. In subsequent experi­
ments the tetany v^ as prevented by feeding MgCOg but a number 
of the animals vfhich developed paralysis of the hind legs 
were not benefited by magnesium feeding. The growth rate of 
these calves was below normal when compared to the Ragsdale 
Standards (106). Reduced feed intake associated v;ith per­
iodic digestive upsets seemed to be largely responsible for 
the slow growth. 
Wiese ^  (132) reported the development of a semi­
synthetic milk which promoted good growth in colostrum-fed 
calves. The "synthetic" milk was prepared by dissolving 
casein in a water solution of NaHCOg. After the addition 
of lard, cerelose and mineral salts, water was added to give 
a solids content of 13 per cent. Thirteen vitamins were 
used to supplement the basal ration. It was reported that 
animals receiving this milk grew well, seldom scoured and 
appeared thrifty. A few animals were changed to a dry diet 
of casein, lard, mineral salts and cerelose after they had 
received the liquid milk for six weeks. The animals would 
not eat the dry ration except when fed as a slurry. On 
this ration diarrhea and loss of weight were observed but 
the substitution of starch for some of the cerelose improved 
the ration. 
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Kastelle ^  (S^ i-) experimented with two semi­
synthetic milks. Milk I (Table 2) {Ca:Na ratio 0.7:0.9) 
vias prepsired as described by Wiese ^  al. (132) with some 
modification. Kastelic et (84) used a ii?ater emulsion 
of soy lecithin and cottonseed oil prepared in a Waring 
blendor^ adding this to the milk after the casein, egg albu­
min, sugar and salts were broiight into solution. 
Table 2 
Composition of Synthetic Milk I 
Grams per Kg. Final 
Components Liquid Milk 
Crude casein 35.0 
Cerelose 50.0 
Cottonseed oil 10.0 
Egg albumin 8.0 
Salts 4.0 
Soy lecithin 2.0 
All known vitamins except Bj_2 were added in generous 
amounts. The synthetic milk was not coagulated by rennet. 
Calves receiving this milk scoured almost continuously and 
all attempts to control the diarrhea were unsuccessful. 
The Milk II (Table 3) was similar to that prepared by 
Clark (30) except that 0.1 N HCl was used to adjust the 
-11-
Table 3 
Composition of Synthetic Milk II 
Grams per Kg. Final 
Components Liquid Milk 
Crude casein 35.0 
Cerelose 50.0 
Cottonseed or butter 25.0 or 
oil 35.0 
Salts 2.0 
Citrus pectin 2.0 
Soy lecithin 2.0 
final pH of the milk to 6.6. A v:ater emulsion of soy leci­
thin and trace minerals and vitamins imre added as described 
in preparation of Milk I. Cottonseed oil or butter oil, 
when fed, was emulsified in an aqueous suspension of soy 
lecithin before addition to the milk. This milk vxas coagu­
lated by rennet in about three to five minutes. 
Calves started on this ration from birth made larger 
daily weight gains than v/ould be expected according to Rags-
dale Standards (106). With some exceptions, calves were 
fed this milk from 0 to 20 days and they received twice 
daily all the milk they would drink vjillingly. The calves 
were housed in an air conditioned room inhere no calves had 
previously been kept. The pens were cleaned thoroughly each 
day and rebedded with sawdust. The calves received 
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subcutaneous injections of streptomycin during the first fev; 
days of life. Very little diarrhea was observed. 
Draper et (36) maintained calves on an alpha pro­
tein "synthetic milk" diet supplemented vfith methionine ^ 
lard, cerelose, minerals and vitamins excepting vitamin 
These calves grew poorly, had poor appetites and in some 
cases exhibited a lack of coordination. Liver extract or 
ciystalline therapy in some instances restored grov/th 
but in other cases no response was obtained. 
Jarvis and Waugh (80) found that young calves did not 
grow well when fed purified rations. The calves appeared 
healthy vjhen a purified diet containing 3-5 per cent hydro-
genated cottonseed oil was fed but they developed fatty 
livers. It was concluded that the purified diets were con­
ducive to fatty livers since animals had normal livers when 
they v;ere fed hydrogenated cottonseed oil reconstituted with 
non-fat milk solids. 
Flipse et {50) found com S"ugar to be superior to 
dextrin or com starch when fed to calves from 5 to 36 days 
of age. In a subsequent investigation Flipse a2. (51) 
divided 18 calves into three groups and fed synthetic 
milks which varied only in the source of carbohydrate. The 
synthetic milks were prepared by a modification of the proce­
dure of Wiese et al. (132). The calves ^ vere allowed to re­
main vjith their dams for twelve hours following birth and 
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then were placed in individual pens. Peed was given twice 
daily via nipple pail at a rate calculated to meet the re­
commended nutrient allowances si;issested by the National Re­
search Council (89). No hay or grain was fed. 
The synthetic milk contained 25 per cent casein^ , 10 per 
cent lard, 5 per cent salts and 60 per cent carbohydrate. 
The average gain of animals which received carbohydrate in 
the form of glucose during the 31-day experimental period 
was 9.55 pounds per calf. Animals which received glucose 
and corn syrup, gained an average of 8.66 pounds and calves 
fed glucose and lactose, made average gains of 18.66 pounds 
diiring the same experimental period. The efficiency of feed 
utilization, expressed as the average gain per pound of dry 
matter consumed, was 0.23^ , 0.142 and 0.384, respectively. 
In subsequent work (52) conducted over similar experimental 
periods calves receiving lactose plus corn syrup gained an 
average of 28.44 pounds, those receiving lactose plus starch 
gained an average of 24.6? pounds, while calves fed starch 
averaged only 14.00 pounds gain. The efficiency of feed 
utilization, expressed as pounds of gain per pound of dry 
matter consumed, was 0.48?, 0.412 and 0.204 for the three 
groups, respectively. The quantity of lactose required by 
the calf is apparently small because Flipse et al. (52) found 
lactose fed at the five per cent level produced almost as 
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satisfactory growth response as did a 30 per cent lactose 
diet. The greatest efficiency of feed utilization was ob­
tained at the ten per cent level of lactose but the growth 
rate difference was small. 
C. Phospholipids 
The presence of phospholipids in animal tissues has 
been known for over a century but their function in animal 
nutrition is not well known. 
Lecithin is quantitatively the most important phos­
pholipid in the plasma and seinim of blood according to 
Wittcoff (137)' Whole blood contains betvjeen 0.2 and 0.3 
per cent phospholipid but wide variations have been ob­
served in individual animals and in various species. The 
corpuscles contain small amounts of lecithin and relatively 
large amounts of cephalin and sphingomyelin. 
Deuel (33) found that lecithin absorbs iodine, indi­
cating lecithin contains at least one unsaturated fatty acid 
He established that saturated acids, palmitic and/or 
stearic, were present in the lecithin molecule. 
Recent reports indicate that the addition of lecithin 
results in a significant increase in the efficiency of vita­
min A utilization and storage (12, 42, 43, 44, 77, 124, 125) 
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Crude soybean lecithin seems particularly active in this re­
gard. Guerrant and Thompson (58) found that the biological!; 
active material ivas associated with the non-saponifiable 
fraction of crude soybean lecithin. Chromatographic frac­
tionation of the non-saponifiable residues and spectrophoto-
metric examination of the eluates revealed the presence of 
carotenoids. Biological testing of the purified fractions 
revealed pro-vitamin A activity. Such evidence suggests 
that the 'Vitamin A sparing effect" of commercial soybean 
lecithins is attributable in part to the presence of carote­
noids . 
Experimental and clinical studies of fat absorption in 
humans by Jones et (83) demonstrated that the addition 
of an emulsifying agent to the diet improved fat utiliza­
tion. These authors postulated that lowering of surface 
tension and improved emulsification of the fat were involved 
Kastelic ^  (84) demonstrated that it vxas necessary to 
thoroughly homogenize cottonseed oil in the presence of soy 
lecithin to avoid digestive disturbances in the young calf, 
but that butter oil could be partially emulsified and suc­
cessfully fed in the absence of soy lecithin. Tidwell (128) 
fed a fat containing 20 per cent lecithin to rats and found 
increase in the chylomicrons in the blood. Adlersberg and 
Sabatka (2) reported that lecithin increased the 
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blood fat levels in normal human subjects. Shantz ^  
(119) observed that rats had better hair coats and appeared 
healthier when egg lecithin was fed with com oil and coco­
nut oil, suggesting that lecithin enhances fat utilization. 
Augar et (7) fed purified diets and observed that the 
addition of lecithin to the cottonseed oil or to the hydro-
genated cottonseed oil markedly lovjered the incidence of 
diarrhea and greatly improved the digestibility of these 
oils by the rat. The beneficial effect of lecithin on fat 
digestion v^ as explained by suggesting that lecithin in­
creased the rate and degree of fat emulsification. 
Huff et al. (75) found glycerol-monostearate increased 
the absorption of lipids by young dairy calves as determined 
by "Allen fat"^  levels in blood plasma. Calves receiving 
glycerol-monostearate made body weight gains vrhich were not 
significantly superior to those made by the controls. 
Shoskes et al. (122) could not verify these observations 
concerning the value of emulsifying agents in enhancing fat 
absorption in the rat. They reported that the absorption of 
com oil was unaffected by the presence of purified soybean 
D^etermination of blood fat using the Allen (3) 
method. 
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phospholipld or "tv/een 80" greatly in excess of that needed 
to make excellent emulsions of the fat by mechanical means. 
Kellner ^  (85) reported that intravenous injection 
of a detergent (triton A-20) caused a five fold increase in 
blood phospholipids in the rabbit. They did not offer an 
explanation for the possible mode of action. These insults 
are not in harmony with the observations of Chung and Shaw 
(29) vjhich indicated plasma phospholipids were not increased 
V7hen a surface active agent was intravenously injected into 
a cov; and a goat. The concentrations of the other lipids 
v/ere greatly increased. 
Bemhart e^  (15) reported that the addition of 12.5 
per cent lecithin to a skim milk and horse meat ration re­
sulted in a reduction in clostridea in feces of rats after 
one week of feeding. Other studies showed that the removal 
of the lecithin from the diet caused fecal counts to rise 
to control values. 
D. Blood Lipid Values 
Abderhalden (1) in I91I presented one of the earliest 
analyses for blood lipids on record (Table 4). 
Mayer and Shaeffer (93) reported values for various 
lipids occurring in the blood serum of the cow as determined 
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Table k 
Serum Lipids in Bovine Blood 
Cholesterol Lecithin Fatty Acids Fat 
(parts per thousand parts by vreight) 
Cow 1.238 1.675 — 0.926 
Bull 1.901 1.869 0.7^3 3.5^2 
Table 5 
Serum Lipids in Bovine Blood 
Total Fatty Acids Phospholipid^  Cholesterol 
(mg ./lOO ml.) 
Cow 171 93 89 
P^hospholipid = P X 25. 
by the Kiimagawa-Suto method for total fatty acids, the Windaus 
method for cholesterol and calculated phospholipid from 
ether soluble phosphorus. These are shown in Table 5. 
The values obtained by Bloor (I7) for total fatty acids 
and for unsaponifiable materials are summarized in Table 6. 
Allen (3) developed a procedure for the quantitative 
estimation of blood fat and studied a nmber of blood samples 
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Table 6 
Serum Lipids in Bovine Blood 
Total Patty Acids Hnsaponlflable 
Samples Average Range Average Range 
(mg ./lOO ml.) 
Beef 16 15^  (102-206) 10^  (67-184) 
taken from calves before their first nursing. His method 
measures essentially all the lipids except phospholipids and 
free fatty acids. This method of analysis failed to detect 
blood fat in calves which had not nursed. This author also 
reported that the blood fat values of 35 calves of the Hol-
stein, Jersey, Guernsey and Ayrshire breeds averaged 123 rog. 
per 100 ml. of blood plasma at one month and 159 ing. at two 
months of age. It was established that the plasma fat in­
creased rapidly during the first week after birth when the 
calves were consuming large quantities of whole milk. The 
fat content of the plasma increased until the calves were 
about six weeks old. At this age the ration was changed to 
skim milk, hay and grain and a gradual decline in blood fat 
was observed diiring the following six weeks. An increase in 
blood fat then occurred, gradually ^ creasing until the 
calves were about one year old. 
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In 1939f Wise et al. (136) reported that the amount of 
fat consumed markedly influenced the fat content of plasma. 
The fat content was "practically nil during the early stage 
of life". Between the ages of 55 and 32^  days the blood fat 
level gradually increased to approximately 200 ing, per cent 
providing the calf remained healthy; otherwise, the trend 
was up for a short time and then downward and variable. 
Digestive disturbances frequently caused marked reductions 
in plasma fat. 
Gullickson et al. (60) observed higher blood fat levels 
in calves receiving com oil or cottonseed oil than among 
those receiving butter fat. Calves receiving either corn 
oil or cottonseed oil had plasma fat levels ranging from 160 
to 3^ 0 mg, per cent over a ten-week period. Animals re­
ceiving milk fat in their rations had plasma fat concentra­
tions from 120 to 210 mg. per cent during the same period. 
These values were inversely related to the rate of body 
weight gains. The high blood fat level indicated that these 
oils were absorbed from the intestinal tract; nevertheless 
growth performance was poor. 
Hurley (97) also found that type of dietary fat markedly 
influenced the plasma fat levels of calves over the age 
period from 4 to 60 days of age (Table 7)- The blood fat 
levels of calves receiving crude soybean oil were highest. 
Table 7 
Effect of Type of Oil in Filled-Milk Diets of Young Calves on Mean 
Concentrations of Pat in Blood Plasma^  
Age in Days 
Dietary Group® 4 11 18 25 32 59 46 53 60 
(rag., /lOO ml . plasma) 
Butter oil 87.4 47.4 114,0 147.0 132.2 120.0 138.4 135.0 144,6 
Crude soybean oil 82.4 76.4 145.8 206.6 194.4 171.0 191.0 164.0 166.6 
Refined soybean oil 112.6 82.6 169.0 233.2 229.0 222,2 195.0 186.2 185.4 
Hydrogenated soybean 112.8 30.6 71.0 74.4 64.6 56.0 63.6 60,4 51.2 
oil 
A^llen fat technique (3). 
F^ive calves in each group. 
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those of calves fed butter oil v/ere intermediate and those 
of calves fed hydrogenated soybean oil v/ere lov;est. These 
data and those of Gallickson ^  al. (59) and Wise et 
(136) fail to reveal any consistent relationships between 
blood fat levels and growth rates. 
Huff ^  al. (75) fed three groups of five calves each 
from the colostral stage to six weeks of age. The csilves 
were fed synthetic rations (Table 8) which differed only in 
the agent used to emulsify the fat. Glycerol-mono-stearate 
was added as an emulsifying agent in diets B and C. Diet C 
was identical to diet B except that the fat in it was not 
homogenized. The fats in diets A and B were homogenized. 
The average blood plasma fat values, "Allen fat" procedure, 
for the three groups are indicated in Table 9. 
At four and six weeks of age plasma fat values of 
calves receiving diet B were significantly higher than those 
of calves receiving diet A. The plasma fat levels of 
calves fed diet C were intermediate. The body weight gains 
of calves fed diet A ivere somewhat better than those of 
calves fed either diet B or C but the differences were not 
significsint statistically. All calves on diet C, unhomo-
genized milk, lost hair around the anus, on the tail and on 
the inside of the thighs. 
Chung and Shaw (29) foimd intravenous injections of a 
surface-active agent resulted in a marked increase in all 
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Table 8 
Composition of the Diets Fed to Young Dairy Calves 
Diet A Diet B Diet C 
Constituents (homogenized) (homogenized) (unhomogenized) 
(per cent) 
Casein 4.0 4.0 4.0 
Glucose 5-5 5.5 5.5 
Salt mixture 1.25 1.25 1.25 
Hydrogenated 3•5 3.0 3.0 
cottonseed oil 
Glycerol-mono-
.5 -5 
stearate 
Water 85-75 85.75^  85-75 
V itamins (added) (added) (added) 
Table 9 
Average Blood Plasma Fat Values of Calves 
on Various Dietary Regimeiis 
Average Plasma Fat 
Dietary Group 2 weeks 4 weeks 6 
(mg./lOO ml.) 
A. Homogenized 85.9 98.2 100.8 
B. Homogenized and IO9.7 I65.I 151-9 
glycerol-monostearate 
C. Glycerol- 101.7 119-0 132.0 
monostearate 
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plasma lipids except phospholipids in a goat and a covj. The 
total plasma lipids of the cow increased to five times nor­
mal, neutral fat increased to 17 times normal and both free 
and ester cholesterol increased to four times normal. Total 
plasma lipids reached 2,0^ 9.2 mg. per cent and remained 
above 1,000 mg. per cent for nine days without producing an 
increase in milk fat production. 
Jacobson ^  §1, (79) i*ed a variety of dietarj'- fats to 
calves which previously had received whole milk (three per 
cent fat) for two v/eeks. One group continued to receive 
whole milk. The other four groups received homogenized re­
constituted milks containing three per cent butter oil, 
lard, crude soybean oil and hydrogenated soybean oil, re­
spectively. The results are shown in Table 10. 
During the preliminary two week period when the calves 
were receiving three per cent vihole milk the average blood 
lipid values in mg. per 100 ml. of plasma for the 15 calves 
were; total lipid, 221; phospholipid 39-6; and "Allen fat", 
173. 
Zaletel ^  al, (1^ 0) studied the blood plasma lipids of 
eleven calves during the period from birth to four dsys of 
age and reported the values shown in Table 11. 
Increases in the values for total lipids, ester fatty 
acids, neutral fat, ester cholesterol and phospholipids were 
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Table 10 
Effect of Type of Dietary Lipid upon the 
Concentrations of Lipids in Blood Plasma^  
Dietary Lipid Total Lipid Phospholipid "Allen Fat" 
(rag./lOO ml,) 
Hydrogenated soybean 135 14 102 
oil 
Crude soybean oil 26? 38 232 
Lard 196 38 163 
Milk fat (butter oil) 199 30 147 
Milk fat (whole milk) 285 70 233 
A^verage of values at 3 and at 4 v/eeks after change to 
experimental diet. 
Table 11 
Blood Plasma Lipids in Young Dairy Calves 
Age in Days 
Plasma Lipid p g 
(lag./lOO ml. plasma)^  
Total lipid 5 9 + 6  132 + 12 151 + 1 3  
Ester fatty acids 34 + 4 75 ± 9 82 + 9 
Neutral fats 2 3 + 3  38 + 6 37 + 7 
Ester cholesterol 1 1 + 2  32 + 2 38 i 6 
Free cholesterol 5 + 1 7 ± 1 10 ± 1 
Phospholipid T + 3 29 + 5 31 ± 5 
Free fatty acids 8 + 3  8 + 2 10 + 2 
"Allen fat" 2 5 + 3  96 + 11 111 + 11 
M^ean values ± standard error. 
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Table 12 
Total and Polyunsaturated Fatty Acids in 
Calf Blood Plasma 
Age in Total Fatty 
Days Acids Linoleic Linolenic Tetraenoic 
(mg./lOO ml. plasma) 
0 27 .8  2 .8  0 ,6  3 .2  
1 58.1 12.3 1.5 5-9 
2 86.0 20.2 1.8 7.2 
3 103.8 26.9 3.6 7.1 
 ^ 98.^  28.2 2,7 7.3 
observed but no marked changes were apparent in free choles­
terol and free fatty acid concentrations. 
¥ork on bovine blood plasma levels of the polyunsaturated 
fatty acids is limited. Allen et al. (5) in studies of 
polyunsaturated fatty acids in the blood plasma of five 
calves from birth to four days of age reported the values 
shown in Table 12. The data show that the levels of all 
polyunsaturated fatty acids in calf plasma were lower at 
birth than on subsequent days. O'Connell and Daubert (99) 
were unable to demonstrate the presence of linoleic acid 
in beef plasma lipids. Allen and Zaletel (4) using alkali 
conjugation techniques analyzed calf blood plasma for 
linoleic, linolenic and tetraenoic fatty acids and reported 
average values of 44.2, 4.8, 10.8 mg. per cent for linoleic. 
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Table I3 
Effect of Dietary Lipids on the Polyunsaturated Fatty 
Acids in Blood Plasma of Young Dairy Calves 
Dietary Lipid Linoleic Linolenic Tetraenoic 
(mg./lOO ml. plasma) 
Hydrogenated soybean oil 27 1 5 
Crude soybean oil 111 6 
Lard 65 2 k 
Milk fat (butter oil) 35 8 10 
Milk fat (whole milk) 71 6 12 
linolenic and tetraenoic acids, 2?espectively, for 15 calves 
at 18 days of age. Previously v;hole milk had been fed at 
the rate of ten pounds per 100 pounds of hody weight. Sub­
sequently, these animals v;ere divided into five lots. 
During the x>eriod from I8 to 46 days one group v/as restricted 
to whole milk whereas the others were fed reconstituted 
milk diets containing various lipids at a three per cent 
level. The results are shown in Table 13. 
E. Rcle of Essential Patty Acids in Nutrition 
It is well known that careful removal of fat from the 
diet of a rat will cause fat deficiency syndromes and that 
the symptoms may be alleviated by appropriate supplementation 
of the fat-deficient diet. The essential unsaturated fatty 
acids for the rat are thought to be one or more of the 
following; linoleic, linolenic and arachidonic acids. 
Osborne and Mendel (101) in 1920 wex^  the first to propose 
the dietary essentiality of these lonsaturated fatty acids. 
Preparation of a synthetic diet low enough in fat to prove 
that fat is a dietary necessity, however, is a recent 
accomplishment. In 1929 Burr and Burr (26) developed a 
diet which was practically fat-free. This diet contained 
highly purified casein, sugar, yeast and mineral salts. 
It was found that rats receiving as little as ten drops 
of lard per day made complete recovery even when extreme 
fat deficiency symptoms were apparent. An analysis of the 
composition of the fat soon led to the realization that the 
unsaturated fatty acids were responsible for the curative 
effects. A decade later, other investigators confirmed that 
linoleic, linolenic and arachidonic acids were essential 
for norroal g rowth, development and health of the rat ( 7 7 ,  
124 J 125). 
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A siumnary of the most frequent symptoms of unsaturated 
fatty acid deficiency in the rat as reported by different 
workers (25, 26, 43, 70, 116, 124) is as follows: hind 
legs become scaly and swollen; tail becomes spotted, ridged 
and finally necrotic; the hair on the back becomes filled 
with dandruff and is shed; growth is retarded; degeneration 
of the kidney takes place, allowing passage of blood into 
the urine. This kidney condition is the probable cause of 
death in rats in severe cases of deficiency. Fat and water 
metabolism is disturbed. It has been observed that rats on 
fat-free diets consume about twice as much water as the 
heavier control rats but they do not excrete any more urine 
and their feces are dry. Water appears to be lost thro\igh 
the skin or liongs or both. Although the animals on the 
fat-free diet weigh less than controls, they consume about 
as much feed even though they are not more active than 
normal animals. 
Reproductive abnormalities associated with fat defi­
ciency in the rat have been reported by many vrorkers (2, 26, 
44, 47, 83, 90, 104, 122, 125). In the female the folloiving 
manifestations have been observed: decreased rate of 
ovulation (26, 104, 122, 125), prolonged gestation and occa­
sional resorption of the embryo (2, 47, 90), prolonged labor 
with excessive hemorrhage (2, 105) and inadequate lactation 
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(47). It was further observed that the litters were often 
so vjreak that they did not survive long even though delivered 
alive. 
Kximmerow efc al. (8?) performed caesarian sections on 
female rats maintained on a fat-free ration and found living 
young in every animal examined on the tv/entieth and on the 
twenty-first days of the testation period, whereas, dead 
yoimg began to appear in the uterus after the twenty-first 
day. When corn oil or hydrogenated fat was included in the 
diets, normal parturition took place. Animals receiving five 
per cent com oil had normal lactations and weaned 85 per 
cent of their young but all the young from animals supple­
mented with five per cent of a commercial hydrogenated fat 
died within 72 hours after birth. The animals which had 
been kept on a lipid-free diet exhibited approximately the 
same percentage of total lipids in the blood plasma as those 
which had received supplements of com oil. The animals 
which had received com oil, however, had almost four times 
more arachidonic acid in their blood plasma than those on 
the lipid-free diet. 23ie fat-deficient animals appeared 
to synthesize oleic acid in a vain attempt to increase the 
percentage of iinsaturated fatty acids in body fat. The 
mature animals on the fat-deficient diet contained 38.9 per 
cent more oleic acid (in body fat) than those on com oil. 
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The body fat of young from animals which had received corn 
oil contained from five to ten times more arachidonic acid 
than that of animals on the fat-free diet, and twice as much 
arachidonic acid as that of the animals on hydrogenated fat. 
Arachidonic acid is concentrated in the phospholipid frac­
tion. 
These studies suggest that a dietary source of unsat­
urated fat such as corn oil, is necessary for normal repro­
duction and lactation. Moreover, commercial hydrogenated 
fat apparently does not furnish a sufficient amount of 
essential unsaturated fatty acids to meet the requirements 
for normal lactation. 
Quackenbush et (104) found that reproductive 
failure always developed in female rats which had grovm to 
maturity on a fat-free diet. The gestation period was nor­
mal and up to 83 per cent of the young were weaned, however, 
when the animals were supplemented with as little as 100 mg. 
ethyl linoleate daily during the three weeks preceding 
breeding. The results of these investigations indicate that 
linoleic and arachidonic acids are the limiting factors in­
volved in normal reproduction. It has been postulated that 
linoleic acid serves as a soiirce of sirachidonic acid. 
There is some difference of opinion concerning the rela­
tive activity of the unsaturated fatty acids. The essential 
-32-
fatty acids seen to differ in both quantitative and quali­
tative effects. Burr ^  al. (24) have classified linoleic 
acid as most effective, arachidonic acid intermediate, and 
linolenic acid least effective with respect to effect on 
srov7th. Maynard (9^ ) stated that linoleic acid is of pri-
mary importance in the diet because the other two imsatur-
ated acids can be synthesized by the body from it. 
Turpeinen (129) on the other hand has reported that arachi­
donic acid is three times as effective as linoleic acid in 
promoting growth response of the rat. Hume and Nunn (77) 
stated that arachidonic acid is only twice as potent as 
linoleic acid in stimulating grov^ th. Greenberg et (57) 
recently reported that methyl arachidonate has 3.5 times 
the biopotency of linoleic acid when fed to fat-deficient 
rats; the ratio of the biological activity of arachidonate 
to that of linoleate when these acids were fed as a mixture 
x^ as found to be 6.2:1.0. Widmer and Holman (131) foiHid the 
rat could synthesize arachidonic acid from linoleic acid but 
not from linolenic acid. 
It is apparent that requirements for the unsaturated 
fatty acids are greatly influenced by the other components 
of the diet. The groirth of the rat is greatly retarded and 
death soon results when carbohydrates are partly replaced 
by fat completely lacking in the unsaturated fatty acids 
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(44, 123). The deficiencies were cured either by feeding 
linoleic acid or by providing a high-carbohydrate diet. 
Sinclair (123) reported that a larger quantity of linoleic 
acid is required by rats on a high-fat diet devoid of the 
essential fatty acids. Deuel ^  (3^ ) also found that 
when hydrogenated coconut oil was added to a low fat diet 
of rats their growth rate was depressed. The depressing 
effect vjas completely counteracted by adequate supple­
mentation with linoleate. These findings seem to indicate 
that requirements for linoleic acid are critical in high 
fat diets. The alleviation of deficiency symptoms by 
feeding high carbohydrate diets has been explained by 
assuming that carbohydrates enhance body-ssmthesis of 
linoleic acid. The latter hypothesis is debatable since 
Schoenheimer (ll8) who used deuterium tagged saturated fatty 
acids found no indication of deuterium in the linoleic or 
linolenic acids in the body fat. This finding suggests 
that linoleic and linolenic acid must be derived from 
dietary fat and that they are not synthesized. Barki (11) 
could not confirm these results. He reported that rats 
maintained on a fat-deficient diet can synthesize linoleic 
and linolenic acids for rats on the fat-free diet developed 
deficiency symptoms which subsequently disappeared. 
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Bacon et al. (8) foimd that if mineral oil at levels 
below five per cent is added to a low-fat diet, fatty acid 
deficiencies result and growth ceases in about 12 v/eeks. 
When ten per cent mineral oil was added to a low-fat diet, 
growth failure in the rats occurred in two to three weeks. 
Patty acid deficiency symptoms could be prevented by 
feeding 50 mg. of linoleate per day. 
Samuels et al. (113) demonstrated a protein-sparing 
action of high-fat diets. Pearson and Panzer (102) found 
that the essential fatty acids cause a retention of essential 
amino acids in the rat. 
No absolute values for optimum daily intake of the 
essential fatty acids for the rat are available. It has 
been reported (129) that 100 mg. of linoleic or 33 mg. of 
arachidonic will bring about growth response in the deficient 
rat. Greenberg ^  al. (57) noted that the gain in vreight 
of rats receiving a cottonseed oil diet was greater than 
that of rats on a low-fat regimen supplemented with as much 
as 100 mg. of methyl linoleate or 20 mg, of methyl arachi-
donate per day. ®ie efficiency of utilization of calories 
was increased progressively with increasing dosages of 
essential fatty acids. Greater efficiency in the utiliza­
tion of the calories was obtained in the males. 
Deuel ^  (35) found linoleate requirements of female 
rats on a lipid-free diet to be lower than 20 mg. per day. 
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The data are not so conclusive in the case of the male. 
The administration of linoleate at a level of 60 mg. daily 
did not change the slov? rate of increase in body weight of 
the male rats on the 20 n^ . dose, nor did this amount of 
supplementation result in a stimulation in growth of the 
female rats which had reached a plateau in growth rate. 
MacKenzie et al. (90) suggest that 20 rag, daily of linoleate 
is the minimum level for growth response in rats. Burr e^ al. 
(24) suggest that requirements for recovery from the fat 
deficiency syndrome are higher than 20 mg. of linoleate per 
day. In contrast Pihl et (103), found the requirements 
for essential fatty acids were met by administering 15 mg. 
of methyl linoleate per rat per day. 
Pat deficiency can be produced in the mouse (19, 130), 
chicken (108), dog (67) and in certain insects (53), He-
views of these deficiencies have been presented by Burr (23) 
and Holman (72). Experimentally a frank fat deficiency has 
not been produced in the human. Nevertheless, much evidence 
has been accumulated to show similarities betvreen a certain 
type of infant eczema and fat deficiency. Some cases of 
infant eczema which did not respond to other treatments 
improved following the administration of unsaturated fats 
(66). Other studies of eczema cases in the irJ'ant seem to 
indicate that about one-half of them are related to essential 
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fatty acid deficiencies (48, 7^ ). Hansen (64) fo-und the 
average iodine nusiiber of the seram fatty acids of 11 infants 
with eczema to be 82, v;hile in 11 normal infants it was 114. 
Other studies (63, 64, 65) indicate a lower content of 
arachidonic and linoleic acid in blood plasma of eczematous 
persons. Improvement was observed in all eczematous infants 
given a source of essential fatty acids. 
Ginsberg et (54), found no difference in the senim 
lipid iodine number between normal patients and those v;ith 
eczema. These contradictory findings are partially explained 
by the results of Pinnerud et (48) who found that only 
50 per cent of patients with eczema have subnormal blood 
lipid iodine numbers. Eczematous patients vfith normal 
iodine numbers respond less readily, if at all, to dietary 
supplementations of unsaturated oils. 
It has been found that swine fed low-fat rations pro­
duce fat very low in linolenic acid but they do not exhibit 
fat-deficiency syndromes (40, 41), ¥itz and Beeson (13S) 
vrere able to produce a fat deficiency disease in pigs by 
feeding a ration which was almost lipid-free. The investi­
gation included ti^ o experiments involving similar rations 
containing different kinds of casein. In Experiment I crude 
cajsein was fed whereas in Experiment II vitamin test casein 
WSLS used. The components of the ration used a2?e shown in 
Table 14. 
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Table 
Composition of Lipid-Free Rations Fed to Pigs 
Ingredients Lipid-Free Diet 
(per cent) 
Casein 27.0 
Lard 0.0 
Dextrose 65.8 
Salt mixture 5 • 2 
Vitamin supplements (included 10 of the more common 
vitamins) 
Vitamin concentrate O.5 
Liver extract 0.5 
Fat-deficiency symptoms were observed in both Experi­
ments but the sjnnptoms in Experiment II were more severe. 
The lower fat content of the vitamin test casein used in 
the latter experiment was considered the reason for the in­
creased severity of the symptoms in the animals. 
It was noted that fat-deficiency symptoms, which in­
cluded dajidruff, loss of hair and retardation of growth, 
began to appear after 42 days on the lipid-free diet. After 
63 days, the sjnnptoms became quite severe and the pigs had 
almost stopped growing. Upon addition of I.5 per cent com 
oil to the diet, the pigs made partial recovery. Pigs re­
maining on the lipid-free diet died after an average of 77 
days on the experiment. 
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Blood analyses revealed that the vitamin A levels were 
significantly higher in the animals on the lipid-free diet. 
Level of fat intake apparently had no significant effect 
on the hemoglobin, cholesterol and red and white cell con­
tent of the blood. Blood plasma lipid content;, as deter­
mined by the "Allen fat" procedure, was significantly 
higher in the pigs receivljig five per cent lard. Feed effi­
ciency of pigs receiving ration in Experiment I ;vas normal 
but lower for the pigs receiving the vitamin-test casein in 
Experiment II. Feed efficiency was improved when 1.5 per 
cent com oil was incorporated into the fat-free diet. 
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III. EXESRIMENTAL 
A. Managenient of Calves 
Holsteln, Brown Swiss and Milking Shorthorn calves were 
obtained from the Iowa State College Dairy herd during the 
years 1951-52. Descriptive data relative to these animals 
are presented in Table 15. During the winter months, the 
temperature of the calf bam was maintained at about 65° F. 
by a thermostatically controlled oil furnace. Experimental 
calves x^ ere maintained in individual pens bedded with wood 
shavings. Each calf was fed 80 mg. of crystalline aureomy-
cin hydrochloride per day. The antibiotic was mixed with 
lactose to deliver 40 mg. of aureomycin per small defla­
grating si)oon of mixture and one spoonful of this mixture 
vfas stirred into the milk just prior to each feeding. 
The only feed given to the calves while on the experi­
ment was the semi-synthetic milk. The amount of milk fed 
was reduced by one-half the feeding immediately follov/ing 
the detection of any diarrhea and was gradually increased 
to the regular amount, the rapidity of return to the normal 
level depending upon the rate of recovery, in severe 
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Table 15 
Descriptive Data Relative to the 
Experimental Animals 
Calf 
No. Breed^  Sex 
Date of 
Birth 
] 
« 
3596 H F 8-20-51 3 
3597 H P 8-20-51 3 
3603 H M 9-11-51 0 
3640 BS M 12-10-51 0 
3643 BS M 12-22-51 0 
3657 BS M 1-31-52 1 
3671 MS M 3- 9-52 1 
3686 H M 4- ^ -52 1 
3688 MS M 4- 6-52 0 
3696 MS M 4-26-52 1 
3697 H M 4-28-52 1 
3698 H M 5- 6-52 1 
3699 H M 5- 6-52 1 
3700 H M 5-13-52 1 
3701 H M 5-14-52 1 
3768 MS M 9-16-52 1 
3773 H M 10- 7-52 1 
3780 H M 10-20-52 1 
3784 H M 10-28-52 1 
3786 BS M 10-30-52 1 
strum Feedings 
B^S-Brown Swiss, H-Holstein, MS-Milking Shorthorn. 
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cases of diarrhea "Kaopectateand/or aueromycin at 
therapeutic levels were administered with warm water. The 
last five calves used in the experiment, 3768, 3773, 3780, 
3784 and 3786, were muzzled from the time they were put 
into their pens until the termination of the experiment since 
it was observed that some of the preceding calves consiomed 
shavings. 
B. Preparation of Rations 
A semi-synthetic milk was used to permit careful control 
of lipid intake. The composition of this milk, which was 
similar to the one developed by Clark (30) and later used 
successfully by Kastelic ^  al. (84), is presented in Table 
l6, and the vitamin and salt components are presented in 
Tables 17 and l8, respectively. Vitamin-test casein was 
employed as the source of protein in the fat-free diet. 
This was considered to be justifiable since Deuel et al. 
(35) found that the fat depletion period of rats receiving 
vitamin-test casein as their source of protein was about the 
P^roduced by The Upjohn Company, Kalamazoo, Michigan. 
This product was a suspension of kaolin combined with 
pectin. Each fluid ounce contained 90 grs. kaolin and 2 
grs. of pectin. 
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Table 16 
Composition of the Semi-synthetic Milk 
Components Per Cent 
Casein (vitamin test)^  3-5 
Fat 0-3.0 
Salts^  0.2 
Lecithin® Variable 
Lactose'* 5 • 0 
Vitamins See Table l8 
P^urchased from Nutritional Biochemicals Cor­
poration, Cleveland 28, Ohio. 
S^ee Table 17. 
®Generously supplied by American Lecithin Company, 
Inc., Woodside, L. I. 77, N. Y. 
G^enerously supplied by Western Condensing Com­
pany, Appleton, Wisconsin. 
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Table 17 
Salt Composition of the Semi-synthetic IJIilk (30)  
Component 
Quantity per 
Kg. Milk Component 
Quantity per 
Kg. Milk 
Ca(0H)3 1.200 g. KOH 0.959 s. 
MgO 0.298 g. NaOH 0.928 g. 
KE2PO4 2.873 g. Fe Citrate 2.000 g. 
Citric acid 1.998 g. MnSO^ -HaO 0.100 mg. 
CaCOg O.UO g. CuSO^  * 5H2O 0.500 mg. 
HCl (0.1 N)^  — ZnSO^'lUzO 10.000 mg. 
CaCl^ 1.565 s. CoSO^ -SHgO 1.500 mg. 
KI 0.400 mg-
V^ariable amounts used to adjust milk to pH 6.6. 
Table 18 
Vitamin Supplement to Semi-synthetic Milk (84) 
Vitamin Quantity per Calf Daily 
Ascorbic acid^  150 mg. 
Vitamin 200,000 I. U. first three 
days 
10,000 I. U. daily from 
fourth day 
Calciferol® 500 I. U. 
Thiamine^  5.0 mg. 
Riboflavin^  5.0 rag. 
Pyridoxine^  5.0 mg. 
Calcium pantothenate^  7.5 iQg. 
Niacin^  l4.0 mg. 
Inositol® 100.0 mg. 
ffenadione^  1.25 mg. 
Biotin® 0.25 mg. 
Pteroylglutamic acid^  0.25 mg. 
P-aminobenzoic acid^  12.50 mg. 
Choline^  1.0 g. 
alpha-Tocophero1^  40.0 mg. 
Vitamin 19 micrograms 
G^eneroiisly supplied by Merck and Co., Rahway, N. J. 
G^enerously supplied by Charles Pfizer and Co. Inc., 
Terre Houte, Indiana. 
®Purchased from Nutritional Biochemicals Corporation, 
Cleveland 28, Ohio. 
same as that reported by Burr and Burr (26) and Brown et al. 
(22) using other highly purified constituents. Deuel et si, 
(35) also reported that further precipitation of the vitamin-
test casein or prolonged extraction of the casein with 
ethyl alcohol and diethyl ether, or both procedures, failed 
to shorten the fat-depletion time of the rat. 
The semi-synthetic ration was mixed as described by 
Clark (30) except that 0.1 K HCl was substituted for 0.1 H 
HgSO^  in the final adjustment of the pH to 6.6 (this modi­
fication being suggested by Kastelic (8^ )). The milk then 
was transferred to ten-gallon milic cans and stored in a 
cooler maintained at 40® P. until time for feeding. The 
milk was made every two to three days depending upon the 
number of calves in the experiment. T^ venty to 30 gallons 
of milk were made at one time. 
Just prior to feeding, the milk was warmed to 100® F. 
and vitamins^  were measured in a small deflagrating spoon 
A^ll of the vitamins except vitamin E and choline were 
combined in C. P. lactose, which was lised as a filler. 
Vitamin E ims the only vitamin not administered in crystal­
line form. The vitamins were mixed at three to four-week 
intervals and were refrigerated at 40® P. iintil fed. Vita­
min E and choline were fed at each A. M. feeding only. 
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and added to the milk. When fat or lipid fractions were 
used, they vjere added to the milk and the mixture vfas homo­
genized at 3jOOO pounds pressure in a Gaulin single-stage 
homogenizer. 
C. Dietary Groups 
The Committee on Animal Nutrition of the National Re­
search Council (89) recoimoends the feeding of two pounds of 
total digestible nutrients per day per 100 pounds of body 
v^ eight to daily calves. To meet these recommendations about 
13 pounds of milk containing three per cent fat would be re 
quired per 100 pounds of body weight per day (95). However 
Wing (13^ ) reported slow growth of calves, as measured by 
increase in body v/eight, x^ hen feeding reconstituted skim 
milk (ten per cent non-fat dry milk solids) at the rate of 
13 poimds per 100 pounds of body weight per day, and more 
rapid growth (48 pounds weight gain in 56 days) x^ hen the 
rate was increased to 16 poxmds per 100 pounds of body 
weight. 
Preliminary work seemed to indicate that calves could 
not consTime more than 16 per cent of their body weight in 
milk per day without considerable diarrhea. It v;as decided 
therefore, that calves receivixig the fat-free semi-synthetic 
milk would be fed at the 15 per cent level. It seemed logi­
cal to expect a rate of gain at the 16 per cent level 
similar to that reported by ¥ing (13^ ), if nutritional defi­
ciencies did not develop. 
Hydrogenated soybean oil vjas fed to soroe of the calves 
at two le^ 'els of intake. Group IV received 13 pounds of 
semi-synthetic milk containing three per cent fatj per 100 
pounds of weight, thereby approaching the caloric require­
ments of the calf as recommended by the National Research 
Council (89). Calves receiving such intake would be 
expected to approach Ragsdale's growth standa2?ds for calves 
if the diet i':as nutritionally adequate in other respects. 
Calves in Groups II and III were fed 11 per cent semi­
synthetic milk containing 2 and 3 per cent fat, respectively 
per 100 pounds of body weight. Caloric intake of the 
calves in Group II approached that of calves receiving fat-
free semi-synthetic milk at the 16 per cent level. Rations 
fed during the experimental period are indicated in Table I9 
The compositions of the methyl esters, the free fatty acid 
mix and the pork liver residue are found in Tables 20, 21 
and 22, respectively. 
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Table 19 Dietary HeRlaea for tae Various ExpcrLr.ental Groupa 
~" " Addition to Basal Seal-eynthetio Ullic 
Sub- Calf Aae Semi- Per Cent in mile Graaa per Ca] 
Croup Kroup No. (In weeka) syntbetio 
Lilllcl 
doybean Oil 
iiydrogeaat«d Crude 
dutter Uil Lecitnin 
Crude Purified 
lie thyi 
Esters^ 
Free 
?atty 
Acla83 
Pork 
Liver 
Realdue^ 
I 3596 0- 8 16 _ . - _ _ _ 
8-11 11 2 - - — - - — 
11-12 11 
- -
2 
- - - -
3597 0- 8 16 _ _ _ _ - _ . 
e-11 16 — — - - — - - -
11-14 11 - - 2 - - - -
U-16 11 
-
-
2 2 
- - -
3603 0- 8 16 . _ . _ - _ _ 
s-13 13 — 1.5 - - - «> - -
13-15 11 
-
1.5 
- .5 - - -
3699 0- 8 16 . - _ _ _ . 
8-12 16 — — - - - - - • 
12-17 11 - 2.0 - - - - -
17-19 11 - 1.8 - .2 - -
19-21 11 1.8 
- -
,2 
- -
-
3700 0- 8 16 _ _ _ , _ 
8-12 16 — - - — — - -
12-17 11 2 - - - -
17-21 11 1.8 
- -
.2 
-
- -
3768 0- 8 16 _ _ _ 
8-12 16 — - - - , 2 - — -
12-15 13 2.8 
- -
.2 
- - -
3773 0- 8 16 _ _ - _ 
8-12 16 — — - - — 5.0 - -IZ-lk 16 
-
- -
-
15.0 
-
-
3780 0- 8 16 _ . - _ 
8-12 16 
- - -
- - -
75=^15 S. fat 5 
II 3057 0- 8 11 i.e - - .2 - - -
36i.3 0- 8 11 1.8 - - .2 - - -
3671 0-12 11 1.8 -
-
.2 
- -
-
III A 3686 0-12 11 3.0 
- -
-
-
- -
3698 0-12 11 3.0 -
- -
-
-
-
b 3701 0-li 11 2.8 - - .2 
- - -
IV A 3696 0-12 13 3.0 - - - - - -
h 3697 0-12 13 2.8 - .2 - - -
c 3688 2-12 13 -
-
3 -
-
- -
V A 3640 1- 5 16 - -
-
.2 
- -
-
D 3786 0- 5 16 - _ 5 _ 
5- 6 16 — — - - — - 15 — 
6- 9 13 2.8 
- -
.2 
-
5 
-
C 378^. 0- 5 16 _ _ _ _ _ 5 _ 
5- 8 16 _ _ _ - — 15 — 
8-12 11 1.8 
- - -
-
15 " 
^ Per cent of body weli^t dally. 
^ Approximately 50^ oietbyl llQoleate. 
3 •Generously supplied by i^nery Inaustrles Inc., Cincinnati, Otilo. 
^ Generously supplied by Armour tc Co., Chicago, Illinois. 
5 Protein reduced in semi-aynthetlc allJc by 57.^5 gm. per day since this aaount of protein was aaaed In the poric liver residue 
eacn doy. 
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Table 20 
Composition of Methyl Esters 
Patty Acids 
Batch Fraction Iodine 
No. Fed No.^  Linoleic Linolenic Arachidonic 
(per cent) 
I Fs 147.0 68.85 0.0 0.0 
II 3^ 119.6 47.67 0.0 0.0 
F4 114.4 47.39 0.0 0.0 
III Fa 115.3 48.21 0.0 .75 
122.8 49.84 0.24 0.0 
IV 4^ 118.5 51.84 0.0 0.0 
M^icro Rosenmund-Kuhnhenn method. 
Table 21 
Composition of the Free Patty Acid Mixture 
Patty Acids Per Cent 
Linoleic 56.41 
Linolenic 0.00 
Arachidonic 0.58 
Oleic 40.00 
Palmitic 3.00 
I5yristic 1.00 
Table 22 
Composition of the Pork Liver Residue 
Total Fatty Acids Per Cent 
Free fatty acids 29.7 
Phospholipid fatty acids 53.5 
Neutral fat fatty acids^  16.1 
Cholesterol ester fatty acids^  0.7 
Iodine Number and Polyunsaturated Fatty Acid Values 
Per Cent 
Iodine 
Lipid No.^  Linoleic Linolenic Arachidonic 
Alcohol-ether 71.9 11.7 0 12.7 
soluble 
Skellysolve A 79.0 10.7 0 11.0 
soluble 
Fnospholipid 78.5 14.7 0 16.7 
Total fatty acids 105.3 17.0 0 18.8 
Free fatty acids 121.9 19.3 0 17.8 
Phospholipid 123.5 20.5 0 29.0 
fatty acids 
D^etermined by calculation. 
M^icro Rosenmund-Kuhnhenn method. 
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D. Records 
The reco3?ded data included body weight changes, inci­
dence of diarrhea, amount of milk consumed, deficiency 
symptoms and blood plasma analyses. Venous blood samples 
were taken from each animal at weekly intervals and the plasma 
was analyzed for "Allen fat" and total fatty acids. In addi­
tion blood plasma levels of phospholipids and linoleic, 
linolenic and arachidonic fatty acids were determined for 
most of the calves. The calves were weighed when taken from 
their dams and dally thereafter. Just prior to the evening 
feeding. 
Photographs were taken of a number of the calves, some 
of which have been included in this thesis. 
E. Chemical Methods 
At weekly intervals 100 ml. of blood samples were ob­
tained from the Jugular vein of the calves approximately 
three hours after feeding. Heparin was used as the anti­
coagulant . 
Lipids were extracted from an aliquot of plasma (varying 
from 15 to 30 ml. depending upon lipid content) with alcohol-
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ether (3il) using a solvent to plasma ratio of 20 to 1. The 
plasma was added dropwise to the alcohol-ether with constant 
agitation. The mixture was heated to a gentle boil for a 
few seconds over a hot water bath and then was cooled. The 
heating was repeated, then the mixture was filtered throxigh 
a pyrex sintered-glass filter of medium porosity to remove 
the precipitated protein. 
The alcohol-ether extract was evaporated to four to five 
ml. voliime under reduced pressure (water pump) on a water 
bath at a temperature of 55-60° C. The concentrated extract 
was saponified directly over a hot plate (maintained at 65-
75® C.) for one hour, employing a modification of the pro­
cedure of Boyd (20). T&ra-tenths ml. of saturated aqueous 
NaOH (43 grams/100 ml.) to each four ml. of plasma repre­
sented in the extract vfas used for saponification. Evapora­
tion was controlled so that at the end of one hour three to 
four ml. of solution remained. Additions of alcohol-ether 
were made during saponification to prevent evaporation below 
this volume. The saponification mixture was quantitatively 
transferred into a glass-stoppered 50 ml. centrifugation 
tube, washing the saponification flask three times with three 
to four ml. of water and then thi»ee or four times with 
Skellysolve A. Liberation of the fatty acids was accom­
plished by adding two drops of 0.1 per cent phenol red 
indicator and then 25 per cent H2SO4 dropwise to the mixture 
until the aqueous layer turned yellow. After 10 to 15 minutes 
the mixture was extracted three times vjith Skellysolve A. 
The extracts were combined and broiight to volume in a 100 ml. 
volumetric flask. This solution contained the total fatty 
acids and the total cholesterol and diher non-saponif iable 
components. 
The total fatty acids were separated from the non-
saponifiable material by employing an alcoholic alkaline wash 
as described by Wilson and Hansen (133). The total fatty 
acids were extracted, after acidificationin Skellysolve A 
and brought to volume in a 100 ml. voliimetric flash. Aliquots 
of this material were in turn used for micro-oxidative 
analysis as described by Bloor (18) and Boyd (20) for the 
determination of the total fatty acids. Finally, aliquots 
were taken for estimation of the plasma polyunsaturated fatty 
acids by alkali isomerization. 
Isomerization was accomplished by heating the fatty acids 
vjith potassium hydroxide-ethylene glycol reagent for 30 
minutes at 180° C. imder an atmosphere of nitrogen. The 
potassium hydroxide-ethylene glycol reagent was prepared as 
described by O'Connor et (100). A Beckman spectro­
photometer, Model DU, was employed to measure optical den­
sities at wavelengths recommended by Brice and Swain (21) 
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for estimating linoleic, linolenic and arachidonic acids. 
The back;ground absorption for the unisomerized fatty acids 
dissolved in isooctane indicated that essentially no con­
jugated compounds were present in the original fatty acid 
aliquots. The spectral data iirere converted to the plasma 
levels of linoleic, linolenic and arachidonic acids by the 
method described by Brice and Swain (21). 
The "Allen fat" values were determined on each plasma 
sample using the procedure developed by Allen (3). Another 
0.5 ml. portion of plasma was used for the micredetermina­
tion of plasma phospholipids as described by Zilversmit and 
Davis (141), 
All chemical determinations were run in duplicate and 
the average values were used. In a few instances where 
obvious errors occurred the analysis was repeated. 
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IV. RESULTS 
In studying the problem of the lipid requirements of 
the yoijing dairy calf, it was decided to feed one group of 
calves (Group I) a lipid-free diet and subsequently to re­
duce the intake of semi-synthetic milk and add a lipid or 
lipid fractions to the diet. Other calves (Groups II, III, 
IV and V) with the exception of one calf received the semi­
synthetic milk plus lipids or lipid fractions from birth. 
The diets of calves in Group II were essentially iso-caloric 
to the diet fed to Group I. Criteria used for evaluating the 
various dietary regimens were (a) external appearance; 
(b) body weight changes; (c) efficiency of feed utilization; 
and (d) blood plasma values for "Allen fat", phospholipids, 
total fatty acids and linoleic, linolenic and arachidonic 
acids. 
A. External Manifestations of Fat Deficiency 
Manifestations of fat deficiency first were observed in 
one calf after being on the lipid-free diet for 42 days. At 
56 days the syndromes were quite severe (Pigiire 1) in about 
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Pigure 1. Male calf 3768 exhibiting fat deficiency-
symptoms at 56 days of age 
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50 per cent of the animals. Scaly dandruff appeared over all 
of the body but was more concentrated across the shoulders, 
along the back and tail. Another symptom was the loss of 
part of the hair over the back, shoulders and tail. The 
hair remaining on the body vfas long, dry and lacked the lus­
ter of the hair on calves 2?eceiving fat. Alopecia was occa­
sionally observed on the neck and tail of the calves on the 
lipid-free diet. 
The incidence of diarrhea in all experimental calves 
(Table 23) was comparatively high during the second week. 
Except for Group V the incidence of diarrhea was low from 
the second to the eighth week in all groups receiving lipid 
supplementation. Diarrhea became more common eis calves on 
the lipid-free milk approached 56 days and it became in­
creasingly more difficult to cure cases of diarrhea by treat­
ment procedures previously discussed. The calves in Group V 
suffered from an excessive amount of diarrhea. Two of the 
calves, 3784 and 3786, received about 0.2 per cent free fatty 
acids v;hile calf 3^ 40 received lecithin in the semi-synthetic 
milk. These lipids fed singly in the sjmthetic milk seemed 
to increase the incidence of diarrhea, whereas, when they 
were fed in combination with other fats, diarrhea was not 
excessive. 
Table 23 
Effect of Dietary Regirften on Incidence of Diarrhea 
in Young Dairy Calves 
Dietary Sub- Calf Weeks on Experiment 
Group group No.l 2 3 4- 5 6 7 8 
(number of days diarrhea occurred) 
I 3596 0 0 0 2 0 0 1 2 
3597 0 1 0 0 0 0 0 1 
3603 0 0 2 0 0 0 3 k 
3768 0 2 2 0 0 0 3 6 
3780 0 3 0 0 4 0 0 2 
3773 0 0 0 2 0 0 1 2 
3699 0 1 0 0 0 0 1 1 
3700 1 2 0 0 1 0 2 4 
Average 0.1 1.1 0.5 0.5 0.6 0.0 1.4 2.8 
II 3657 1 1 0 0 0 0 0 1 
3643 0 1 0 0 0 0 0 0 
3671 2 1 0 0 0 0 0 0 
Average 1.0 1.0 0.0 0.0 0.0 0.0 0,0 0.3 
III A 3686 4 0 2 0 0 0 0 0 
3698 1 3 2 0 0 0 0 0 
B 3701 3 3 0 0 0 1 0 0 
Average 2.7 2.0 1.3 0.0 0.0 0,3 0.0 0.0 
Table 23 (Cont'd) 
Dietary 
Group 
Sub­
group 
Calf 
No. 
Weeks on Experiment 
1 2 3 4 5 6 7 8 
IV A 3696 3 0 0 0 2 0 0 0 
B 3697 0 0 1 0 0 0 0 0 
C 3688 0 4 0 0 0 0 0 0 
Average 1.0 1.3 0.3 0.0 0.7 0.0 0.0 0.0 
V A 3640 3 4 5 5 7 0 1 0 
B 3786 1 7 3 5 6 7 0 0 
C 3784 0 3 0 5 3 2 0 0 
Average 1.3 4.7 2.7 5.0 5.3 3.0 0.3 0.0 
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After 56 days, five calves (Group I) v<ere given various 
lipids or lipid fractionsthe lipids replacing lactose and 
casein to maintain an iso-caloric intake per 100 pounds of 
body vjeight. Pollov;ing this treatment, the dandruff condi­
tion was alleviated;, the skin became more oily and a smooth 
hair coat began to appear. The calves seemed to become more 
alert, the loss of hair ceaised and nev: hair began to grow in 
areas previously showing alopecia. Calves receiving butter 
oil or hydrogenated soybean oil plus lecithin seemed to 2?e-
cover more rapidly than those fed hydrogenated soybean oil, 
crude soybean oil or lecithin. Fair response to methyl 
esters and pork liver fat v;as observed, although the responses 
vjere not so spectacular as when butter oil or hydrogenated 
soybean oil plus lecithin were fed. Three calves, one female 
and ti'JO laales, which seeiaed to be the healthiest animals in 
Group I at 56 days were continued on the lipid-free ration 
to 84 days. 
B. Body Weight Changes 
The weekly body weights for all calves are presented in 
Table 2k. Calves in Group I (lipid-free ration) did not lose 
so much weight initially as calves which received lipids. 
Weight gains of calves in Groups II, III and IV greatly 
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Table 24 KfTeet of Dietary on Cftanccs in iaoay Meletit  
riatlon kre in Says 
i  i: IM ry 
OrouD 
:ub- Calf 
rrour I'o,  
Breed c>ex jyn« 
Miik"^ 
Lipid 
0 7 14 21 28 3? 42 L9 0? (lbs,  . }  
T 3596 •r r'  13 lione 65.0 D7,0 72.0 73.0 71.0 69. ,0 72.0 73.0 72.5 
11 H.3.3.0,  73.5 "J 
11 b.O. 
3597 H 16 None 73.0 76.0 82.0 S3.0 SO.O Si, ,  .0  86.0 86.5 65,0 8D,0 fc 
11 j ,0» 
11 2^i B.O. f  2f;  Lec ,  (cruue) 
3603 H 16 I.'one ^5,0 97,0 97.0 98.5 96,0 96, ,5 93,.  5 96.5 95.0 
13 1.5fo C.D.B,0,  95.0 c.  
11 1.5'/o C.S.b.o.  *• ,  J-jo Lec,  
3768 ' lo V. 16 None 69.5 69.5 70.0 71.0 74,0 77, ,0 79.5 82.5 64.5 
16 7.5 Lee.  S5.0 £ 
13 2.8> H.o.B.O. * ,2 ' io Lec. 
3780 H i l  16 None 71,0 71.0 72,5 71.0 74,5 78, ,0 76.0 78.0 78.0 
16 Pork Liver  ^  15 r.  Fat 82.0 e 
3773 H I.;  16 None 60.0 79.0 79.5 83.0 87,5 86. .0 90.0 91.5 92.0 
16 5 g.  l leti iyl  Esters 93.0 9 
16 15 Methyl Esters 
3699 H k 16 None 74.0 73,5 75.0 77.0 79,5 81, .5 S4.5 92,0 92.5 96.0 5 
11 2^« C.o.B.O. 
11 1.8^ C.o.B.O, ,2^ Lec,  
11 1»8^ H.S,B,0,  ,2?o Lec,  
3700 H u lo None 88.0 87,0 88.5 87,0 90.0 94. .0 100,0 102,5 103.0 106,5 10 
11 2> H.S.B.O. 
11 1,8>0 H.S.B.O, *• .2^0 Lec.  
Average 0-8 : ,Veek3 on j-at-free Kation 76.9 77.5 79,6 80.4 81,6 83.  .3 85,2 87.8 87.8 
Avera^^e 8-12 •<eeics on ^at-free Ration 96.2 9 
II  3057 tiS U 11 1.350 h.o.H.O. ,2/0 Lec,  120,0 121.0 120,5 125,0 132.5 139. ,0 145.5 154.5 157.0 
3643 BS u 11 l .S^ H.S.c.O. ,2^ Lec,  103.0 103.0 99.0 ICl.O 108,0 110. ,0 115.0 121,0 125.0 
3o71 11 1.8> H.ii , i3,0.  * .2^ Le c,  92,5 93.5 95.0 96.0 99.0 106, .0 113.0 120.0 124.5 13^.5 13 
Avera^^e 105,2 105.8 104.8 107.3 113.2 118. .3 124,5 131.e 135.5 
III A 36S6 H 11 11^.5 111,0 104.5 102.0 102.5 110. ,0 117.5 121.0 128.0 132.5 13 
3698 i;  11 11 y ,e  H.S,B.O* 120,0 123.0 124.0 123.5 127.0 130,0 138.0 146.5 151.5 157.0 1".  
Averai-' .e 110,4 117,0 114,2 112,7 114.7 120. ,0 127.7 133.7 139.7 144.7 14 
o 3701 u h 11 2.  S^p 0 ,  • ,2> Lec.  97,0 ^,0 94,0 98,0 10^.0 109. .0 117.5 122.5 129.5 134.5 13 
IV A 3696 ts  u 13 3/0 i i .S.B.O. is ,  5 87.0 «9.0 92,5 90.5 100. 0 104.0 111.0 116,0 124.0 13 
3 3697, K • M 13 2.8>> 11,0,3,0.  + .2f: ,  Lec. 88.0 85,0 S7,5 89,0 95.5 101, 5 107.5 114,5 121,5 13^.5 13 
C 3688^ :.:s U 13 3> o.O, ?0,0 77.0 72.0 80,0 86.5 94.  5 104.0 113.5 l-:2,5 129.0 13 
Average ?5.5 S3.0 62.8 B7,2 92,8 98.  7 105.2 113.0 1*0,0 1^8.5 13 
V A 36i.o3 BS u 16 r.  Lec.  f i2.0 77,5 73.0 6J.O 68,0 64.  5 
B ?7R6 ha M 16 5 e .  f .F.A. 98,0 97.0 86.0 86,0 86,0 83.  0 
16 15 F.F.A. SO.O 
13 2.3^;c H.S.B.O. * , ,2^0 Lec,  91.0 96,0 106,0 
C 37oi.  H wi 16 5 ",  i ' .K.A, 77,0 7L.0 78.0 73,0 81,5 S3. 0 
.16 15 e .  84.0 SR.5> 92.0 
11 l ,tf: ,  n,o.B,0,  ,2'"fl  Lec,  97.5 10 
1 rtT cent of bouy v/ei/^f.t  aaily,  
~ -r.  : '2t-frte ration f irst  two weeKs, 
5 VjKtin off  expcriritnt to save l ife.  
at rite of lo per cent of boay v . -ei^iht.  

Dietary on Chances in ooay weight 
Ap-e :  Ln Days 
1 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119 126 133 140 147 
o7.0 72.0 73.0 71.0 69.0 72.0 
( lbs.  
73.0 72.5 
73.5 74.0 72. .5 
74.0 81.0 
76.0 82.0 S3.0 SO.O 34.0 86.0 86, .5 85.0 8o.O S7;5 8o.  .0 85.5 
84.0 77.5 
83.0 85.0 
97.0 97.0 98.5 96.0 96.5 93.5 96.  .5 95.0 
95.0 95.0 97.  ,0 100.5 101.5 
104.0 107.0 
69.5 70.0 71.0 74.0 77.0 79.5 62,  .5 S4.5 
85.0 85.5 83.  5 34.0 
92.5 98.0 108.0 
71.0 72.5 71.0 74.5 78.0 76.0 78.  ,0 78.0 
82.0 87.0 95.  0 100.0 
79.0 79.5 83.0 87.5 86.0 90.0 91.  .5 92.0 
93.0 99.5 100. ,0 101.0 
lOo.O 110.0 
73.5 75.0 77.0 79.5 81.5 54-5 92.  ,0 92.5 96.0 95.0 99.  0 lOL.O 
106.0 110.5 109-5 113.0 114.5 
117.0 124.0 
.  125.5 134.5 
87.0 88.5 87.0 90.0 94.0 lOO.O 102.5 103.0 106.5 107.5 114.5 116.0 
122.0 121.5 123.5 128.5 135.0 
143.5 149.5 157.5 165.5 
77.5 79.6 80.4 81.6 83.3 85.2 87.8 87.8 
96.2 96.7 99.8 101.8 
121.0 120. .5 125.0 132. .5 139. .0 145.5 154.5 157. .0 
103.0 99.  .0 101.0 108. .0 110, .0 115.0 121.0 125. .0 
93.5 95.  .0 96.0 99.  .0 106. ,0 113.0 120.0 124. .5 132. .5 138. .0 145. .5 155.0 
105.8 104. .8 107.3 113. ,2 118. .3 124.5 131.8 135. .5 
111.0 104. .5 102.0 102. .5 110. .0 117.5 121.0 128. ,0 132. .5 137. .5 145. .0 151.0 
123.0 124. .0 123.5 127. .0 130. .0 138.0 146.5 151. .5 157. .0 l'??.  ,0 159. .0 165.5 
117.0 114. ,2 112.7 114. .7 120, ,0 127.7 133.7 139. .7 144. .7 147. .7 152.0 158.2 
9^6.0 94.  .0 98.0 10^. .0 109. ,0 117.5 122.5 129. .5 134. .5 137. .0 144. .5 154.5 
87.0 89.  ,0 92.5 96.  .5 100, ,0 104.0 111.0 116, .0 124. ,0 131. -5 132, •  5  138.0 
85.0 87.  .5 89.0 95.  .5 101. 5 107.5 114.5 121. .5 13.C. .5 137. .0 141. .0 150.0 
77.0 72.  ,0 80.0 86.  5 94.  5 104.0 113.5 122. .5 129. ,0 136. 5 145. ,0 154.0 
83.0 82.  8 37.2 92,  ,8 98.  7 105.2 113.0 l<0. ,0 128. 5 135. 0 139. 5 147.3 
77.5 73.  0 66.0 68.  ,0 64.  5 
97.0 86.  0 8&.0 86.  0 S3. 0 
SO.O 
91.0 96.  ,0 106. 0 
74.0 78.0 78.0 ai .  5 S3.  0 
84.0 S8.5 92.  0 
97.  5 101. 5 106. 0 114.0 
sht. 
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exceeded those of calves in Group I after about two weeks. 
The mean total weight gain from 0 to 56 days was 10.9 pounds 
for calves fed the lipid-free diet as compared to 3O.3 pounds 
for those (Group II) that received an iso-caloric diet which 
contained 1.8 per cent hydrogenated soybean oil and 0.2 per 
cent lecithin. The mean weight change of calves on the lipid-
free diet (Group I) vias zero during the period between 49 
and 56 days. 
Calves in Groups III and IV vjere fed at a higher caloric 
intake (than those in Groups I and II) to provide observa­
tions on weight gains at higher caloric levels. Calves in 
Group III received semi-synthetic milk which contained three 
per cent fat, at the rate of 11 per cent of body weight 
daily. Calves in Group IV were fed similarly to Group III 
except that they received milk at the rate of 13 per cent 
of their body weight daily. Although only one calf wats 
placed in each sub-group in Group IV, response of 3688 is 
of particular interest. This calf received lipid-free milk 
for two weeks and lost weight during most of this period. 
The semi-synthetic milk intake then was reduced from 16 to 
13 per cent of his body weight daily and three per cent butter 
oil was added. This calf responded well and the average 
weight gains were slightly over a poxmd a day from the second 
iveek until the termination of the experimental period (84 
days). 
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Calves In Group V received free fatty acids or hydro-
genated soybean oil and/or lecithin in a semi-synthetic milk. 
Calf 3640 received purified lecithin but lost weight con­
tinually (probably due to excessive diarrhea) and it was re­
moved from the experiment to save its life. The two calves 
in sub-groups B and C received small amounts of a mixture of 
free fatty acids which vrere homogeniised into the semi­
synthetic milk before each feeding. Excessive diarrhea 
caused the calf in sub-group B to lose 15 poiinds during the 
first five vreeks. The quantity of milk then was reduced and 
hydrogenated soybean oil and lecithin were added to the 
ration. Rate of recovery was spectacular and the calf gained 
11 pounds during the subsequent week and a total of 26 
pounds during the 21-day period of fat supplementation. 
Calf 3784 in sub-group C displayed a high incidence of 
diarrhea and showed erratic vjeight changes during the first 
eight-week period while free fatty acids were fed. Growth 
rate appeared to be accelerated from the eighth to the 
twelfth week period when it was given hydrogenated soybean 
oil and lecithin. 
The changes in weight of the individual calves at 
various intervals of time are summarized in Table 25. In 
the first period, from 0-6 weeks, calves on the lipid-free 
ration gained only 8.3 poiinds whereas animals (Group II) on 
TuLle iiu.'-'ixiiijry oi* r.fVaot of Di'rtary on Cnan.'ca In Body "./eiriit 
"Hu'tTbn ' 
i . i -:t ' irv ouh- C'llf  oreeu ciex ' iyn,,  * iTi-^iQ '  0-6 6-8 12-15 15-17 17-19 19-21 
;Toun :.o. iVlltr Week neeW- ;eek leek './eek ./eek Jcok 
- — - •- {v/'3r^ ht chnrvftTj TrTsT^ } 
7.O(^ 3) 
. 1.0 
</».o 
5.5 5.0 
11 i i .  j  1 • i - .o 1 .5 
11 3,0.  
3597 H 16 i.'OliO 13.  ,0 -1 .0 0, .5 
11 ,  .>,  0.  
11 2". 3 .  0 ,  , + 2'J  Lec. 
3o03 ]i  M IS .' . 'one -1 .5 1 .5 
13 1,5' , '  0 .  ,0.  5.  .5 
11 1.  5-;o .  0 ,  i3 .0 ,  5'" Lec.  
37oH i. ia i ;  16 :;one 10,  ,0 5 .0 
16 7.5 P..  Lcc -J,  .5 
13 2,  H'.o 11,  .  ' j»B !  0,  + , 2'^ Lec,  
37SO Ji I.:  16 l . 'one 5,  ,0 2, ,0 
16 t 'orn Liver 15 ij'at 2^. .0 
3773 !i  i :  16 lione 10,  ,0 2, ,0 
16 5 : . .et:iyl  .otcrs 9.  ,0 
16 15 t! .  l / . fthyl i 'fstars 
3o99 ;i  lu Ijone 10,  .5 8,  .0 11,  .5 
11 2;'«? C/«o,  ,b.O, 
11 1,^)0 C. , 0 ,  B !o.  + , Lec« 
11 i .S';^ 21. 3.B.  0.  -I.  ^ Lec, 
3700 II I ' .  16 i lone 1^, .0 3,  ,0 13.  .0 
11 2fo i i ,Z.  ,3,0.  
11 i l .  . 3 .  x3, !  0,  , 2',« Lec,  
/ ivcr.w G oV "roe ^roup .3 2, .  6 8. .3 
II 3657 LiS Ui 11 1.8:.  i l-, r3 .b,  .  0.  + , Loc, ; )  c  .5 11,  ,5 
3o/*3 i io I'.  11 1 • d',j  t i ,  ,  0 ,  J,  »0. - . 2^3 Lec, 12! .0 10.  .0 
lo71 i . i  11 1 .8 0 K. , ' j ,  6,  .0 .  + , 2:> Loc,  20. .5 11-,5 30. ,5 
.vver'i?'  e  19.  .3 11. .0 30. 5 
I l l  •lo- '6 H !.: 11 y,} n.o.  0, 0, 5.  ,0 10. .5 0 
3o il  V. 11 3fj H.3.  3. 0.  18, ,0 13.  ,5 0 
G 11. 5 12,  ,0 l '^.  5 
b 3'701 t? i \  11 2.  o-5 ! i .  J,  b, .  0 ,  2f5 Lec, 20. 5 12.  ,0 25, 0 
1 V 3o96 13 3'> J) .- .  n. 0.  I ' i .  5 12.  ,0 ^2,  0 
;> 3c97..  i f  i . i  13 i l .  0 ,0,  .0.  2'> Lcc.  19.  5 34.  0 2^, 
*J 36-!^-^ 13 3:- 2K. 0 18, 5 31. 5 
V A \oU0 i j . j  1-j  5 Loc,  -17.  5 ( 5 )  
[ •  37 -o'» 5 t .  A' .  i* ' .  4 -17.  0 
13 + ^ Lc-c.  lo.  0 10.  0*'^ 
C H I .  lo 5 *•' •  '1« 7. 0 
lo \ ,  8, 0 
11 1.  ->;> i : .  0. + ^ 2 ., Lec.  0 
^ -1- . 'IT,  Ol'  L'O .V \>.i  i ly 
-  • t .  :•  •  -• r  iv .  r- ir* '-:; l  c.U i /Mi 0,i  lC:; l  1 S t  V.M .MJ. 'C CJ ' .J l '  ;  OI:  <!A T*. r i -rnt .  
' . ,  1  ^Vi'L'u : •  l i  v:".  Oi '  j ' i i '  : i t  t .V O ivfbrry ,  a t  ui  * i  pvj '  cf-; i t  of  bj ' jy 
Iv o.i  i - y,  r  ,  /V •  " j ixt . ' i  v;€et: .  
7.5 11.5 
9.5 
10.5 
l;».5 16.0 
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an iso-caloric intake gained 19.3 pounds. Most of the calves 
in Groups III and I? inade better gains. Calves receiving 
hydrogenated soybean oil as the only lipid gained less than 
animals receiving butter oil or lecithin and hydrogenated 
soybean oil. During the 6-8 week periodj calves on the 
lipid-free ration had a mean weight gain of 2.6 pounds, 
whereas, calves in Group II made average gains of 11 poiinds 
during this same period and calves in Groups III and IV made 
still higher gains. The best gain (18.5 poimds) was made by 
a calf receiving butter oil at the 3 per cent level during 
the 1^ -day i)eriod. Three calves were maintained on the 
lipid-free ration for 12 weeks. The weight gain for 3597 
and 3700 were somewhat better than weight gains of other 
calves in the lipid-free group. These tvro animals were not 
muzzled and it was observed that they consumed appreciable 
quantities of wood shavings v.'hich were used for bedding. 
The average v/eight gain of these three calves on the fat-free 
ration from 8 to 12 weeks was 8.3 pounds, whereas, weight 
gains of calves in Groups II, III and IV ranged from 1^  to 
31.5 pounds during the same period. 
The effect of the diet upon the average body weight 
changes of calves in the various dietary groups is shown 
in Figure 2. These data indicate the marked difference in 
growth rates particularly for calves in Groups I and II both 
60  I  LIPID-FREE 
n 1.8% H.S.B.O+.E7o LEG. 
50 ISL 3% B.O. ,  OR H.S.B.O.+LEC.  
-J 40 
UJ 
^ 30 
o 20 
0 
0 
0 
0 
A G E ,  W E E K S  
Figure 2. Effect of dietary on changes in group mean weights 
of calves 
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of which were fed at an iso-caloric level per 100 pounds of 
body vjeight. 
After the calves in Group I had received the lipid-free 
semi-synthetic milk for 8 vjeelcs and for 12 vjeeks, calves 
3597^  3699 and 3700, various lipids were introduced into the 
diet. These results are indicated in Figure 3. Calf 3597 
lost vjeight and became very weak and emaciated before butter 
oil was introduced into the ration. Weight loss continued 
v;hen butter oil WSLS introduced but v;hen the diet was supple­
mented with lecithin a partial recovery was made. There was 
no response by 3596 to hydrogenated soybean oil but a par-
tiatl recovery was made when butter oil was substituted for 
hydrogenated soybean oil. Animal 3^ 03 responded slowly to 
crude soybean oil. Calf 3^ 99 also responded slowly to crude 
soybean oil but the recovery in both appearance and growth 
was somewhat better when hydrogenated soybean oil plus 
lecithin replaced the crude soybean oil. A partial recovery 
was made by 37OO on hydrogenated soybean oil, but the re­
covery was more spectacular (as determined by appearance and 
grov/th) when the fat vjas supplemented with lecithin. 
Calf 3768 did not exhibit any improvement in appearance 
or increase in iveight gain when lecithin was administered 
yet the recovery was prompt when hydrogenated soybean oil and 
lecithin were added to the ration. Fifteen grams daily of 
pork liver fat restored growth and normal appearance to 3680. 
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3603 
C.S.B.O. + LEC. 
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M.E. ^LEC. 
y'hl<6% 
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TTU^  
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H.S.B.O-':*^ ' 
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Figure 2. Body x^ eight changes of calves receiving 
lipids subsequent to lipid-f.ee rations 
Calf 3773 responded to methyl esters (approximately 50 per 
cent methyl-linoleate), The response vxas slov.' vjhen five 
grams of methyl esters were administered per day, but when 
15 grams were fed daily the response was greatly improved. 
C. Feed Efficiency 
The weekly semi-synthetic milk intake of calves up to 
eight weeks is summarized in Table 26. A brealcdown of the 
total lactose, casein and fat consumed by each calf during 
this period is also included. The digestion coefficients 
as given by Morrison (95) were used to transform these values 
into approximate TDN consumption. Table 27 summarizes the 
average daily gain, average TDN consiAmed per day, average 
TDN per 100 pounds of body weight and TDN per pound of gain 
up to eight vjeeks of age. 
It is noteworthy that the average TDN intake per 100 
pounds of body weight for calves in both Groups I and II was 
1.2. Calves in Groups III and IV v^hich were on a higher 
caloric intake consumed I.5 and 1.7 poiands of TDN per 100 
pounds of body weight, respectively. Calves in the latter 
group were on the highest plane of nutrition, calorically, 
but were belovr the two pounds of TDN per 100 pounds of body 
Table 26 Lipid and Milk Intake by Calves During the Initial  Elght-Weok Period 
uietary Sub- Calf Breed Sex 
Oroup group No, 
Inltlal" 
Wolght 
Age in para -Total 
Ullk 
Oonaumed 
TDW rro'm~ Total 
TUHi 
Ji. 21 28 ?^ b8, 
88, 
99,4 
99.2 
83.3 
92.1 
8U,0 
89,6 
92.6 
91.1 
49 Jk. CHO Protein ?at 
Average 
II  
Average 
III 
Average 
IV 
3596 H F 
3597 H r 
3603 H M 
3768 US U 
3773 H U 
3780 H u 
3699 H M 
3700 H U 
3686 
3698 
3701 
3696 
3697-3688^  
3640? 
3786''  
3784 
US 
H lis 
B3 
BS 
65.0 
73.0 
95.0 
69.5 
80.0 
71.0 
74.0 
88.0 
76.9 
41.6 
44.6 
79.8 
63.9 
63.6 
66.8 
63.3 
76.6 
62.  S 
59.5 
62,8 
96.0 
72.1 
80.4 
68.9 
67.0 
71.0 
72.2 
68.4 
86.9 
102.2 
76.2 
89.2 
77.7 68.0 
75.0 
80.5 
80.5 
89.1 
94.6 
79.3 
88.2 
81.3 
77.0 
85,2 
84.4 
94.0 
100.8 
103.4 
86.7 
97.8 
77.2 
93.8 
101.4 
94.4 
oonauoed) 
89.0 89.0 
88.6 
100.4 
81.9 
102,2 
83.4 
102.2 
111.0 
94.8 
88.6 
98.8 
89.6 
102,2 
86,6 
93,3 
100.8 
93.6 
610.4 
660.8 
774.4 
633.0 
715.7 
625,9 
654,2 
713.6 
673.5 
29.91 
32.38 
38.09 
31.02 
35.04 
30.64 
32.05 
34,97 
33,01 
20,08 
21,74 
25,58 
20.83 
23.55 
20.60 
21.53 
23.48 
22.17 
105.2 65.1 70.1 71.9 80.5 91.5 100.5 99.4 
112.5 
120.0 
116.2 
97.0 
88.5 
88.0 
80.0 
82.0 
98.0 
80,0 
77.0 
50,6 
82.6 
66.6 
60.1 
53.4 
53.4 
57.4 
52.4 
75.6 
56.0 
73.0 
64.5 
60.3 
74.4 
74.4 
49.8 
61.9 
56.6  
56.t  
75.6 
66,0 
65.0 
67.2 
93.8 
80.5 
68.6 
82.6 84.6 
82 .6  83 .6  
56.8 74.8 
69,7 
71.9 
70.0 
60.0 
80,6 
94.2 
87.4 
79.8 
97.9 
80.0 
82.6 
46.0 
71.5 
91.4 
100.2 
95.8 
84.0 
92.6 
91.4 
87.5 
69.5 
91.4 
105.5 
98.5 
91.0 
95.0 
112.2 
103.6 
95.2 
64.2 77.9 82,1 65.5 59.95 91, .8 
94.2 97.4 
98 .4  105.3 
94.6 100.2 
76.2^ 83.2  
97.3 101,6 
664.3 
588,6 
737,1 
662.9 
604.0 
677.1 
669.1 
603.7 
300,0 
405,0 159.4 
643.3 
32.55 21.85 28.98 
28.84 36.12 
32.48 
29.60 
33.08 32.79 
29.58 
14.70 
19.85 
7 . 8 2  31.53 
19.36 
24.25 
21,81 
19.87 
22.28 
22.01 
19,86 
9.87 
13.33 
5.25 21.17 
38.54 
48.26 
43.40 39.56 
44.33 
43.81 
39.53 
0 . 8 6  
1.35 
10./,6 
2.36 
49.99 
54.12 
63.67 
51.85 
58.59 
51.24 
53.58 
58,45 55.19 
3657 BS M 120.0 70.6 74. ,9 83.9 95.  ,1  102.7 112.7 126. .2 117.0 783.1 38. .38 25.77 34.18 98.33 
3643 BS U 103.0 64.0 70, ,2 72.3 76.  .8 84,4 86.8 89. 16 91.0 635.1 31.  .12 20.90 27.72 79,73 
3671 US U 92.5 60 .7 65.  ,1 59.4 69.  .6 68.7 75.0 85. 16 90.3 574.3 28.  .15 18.89 25.04 72,08 
83.38 
86,74 
108.63 
97.69 
89.03 
99.69 
98.61 
88.97 
25 . 4 3  
34.53 23.53 
55.06 
l i iegeatlon ooofflolents used were,  protein 945", laotoae 985# and fat 9756 as given by Uorriaon (95).  
^ On fat-free diet for f lrat two weeks.  
3 Taken off  experiment to save l i fe.  
4 jjeoelved free fatty acids for only six weeks.  
5 Free fatty adds Increased from 5 to I5 g, per day 
^ H.S.B.O, * lecithin added to ration in an attempt to get recovery. 
Table i1 Kt'feot of Dietary on i-fficienoy of Feed Utilization During Initial 
Eight-Week Period 
Dietary 
Group 
3ub-
proup 
Calf 
Mo. 
Breed Sex TDII 
Consumed 
Ini t ial  
Weight 
V/eiKht at  
8 Weeks 
Total 
Gain 
Av. Daily 
Gain 
,AY, 
Per 
Calf 
.  TDN 
Per 100 p.  
Body Wt.l  
TDK per 
Lb. Gain 
{lbs,  ) 
I  3596 H F 49.99 65.0 72,5 7,5 0.134 0.9 1.2 6.7 
3597- H j;'  •34.12 73.0 85.0 12.0 0.214 1.0 1.1 4.5 
3603 H 11 6"?.67 95.0 95.0 0.0 0.000 1.1 1,2 Ko Gain 
3768 VS U 51.85 69.5 84,5 15.0 0.  268 0.9 1,2 3.5 
3773 H « 58,59 80.0 92,0 12.0 0,214 1,0 1.2 4,9 
3780 11 1.1 51.24 71.0 78,0 7,0 0.125 .9 1.2 7.3 
3699 H M 53.58 74.0 92,5 18,5 0.330 1.0 1,1 2.9 
3700 H 58,45 68.0 103,0 15,0 0,268 1.0 1,1 3,9 
Avcrafie 55.19 76.9 87.8 10.9 0.194 1.0 1.2 4.8 
II 3657 Bb 1,'.  98.33 120.0 157.0 37.0 0.661 1.8 1.1 2.7 
3643 BS M 79.73 103.0 125.0 22,0 0.393 1.4 1,3 3-6 
3671 !.' ,S I. i  72,08 92,5 124,5 32,0 0,571 1.3 1.2 2.3 
Average 83.38 105.1 135.5 30.3 0.  542 1.5 1.2 2.8 
111 A 3686 H M S6.74 112.5 128.0 15.5 0.277 1.6 1.4 5.6 
3698 H h; 108.63 120.0 151.5 31.5 0.563 1.9 1.3 3.5 
Average 97.69 116.3 139.8 23.5 0.420 1.8 1.4 4.5 
B 3701 H M 89.03 97.0 129.5 32,5 0.  580 1,6 1.5 2.7 
IV A 3696 l.(S M 99.69 88.5 116,0 27,  5 0.491 1.8 1.8 3.6 
B 3697 H I! 98.61 88.0 l2l ,5 33,5 0.598 1.8 1.8 2.9 
C 3688 {.!3 M 88.97 80.0 122,5 42,5 0.759 1.6 1.7 2.1 
Avera(-o 2.8 
V A 36<,O2 OB V: 25.43 82.0 64.5 -17.5 -0.  500 0.7 0.9 No Gain 
B 3786^ BS W. 34.53 98.0 80.0 -18,0 -0.429 0,8 0.9 No Gain 
3786 M 23.53 80,0 96.0 16.0 - .143 1.7 1.9 1.5 
C 3784 H M 55.06 77.0 92.0 11.0 0.268 1.0 1.2 3.7 
^ Based on average vjeipjit of calves, 
"er.oved at five weeks to save life, 
3 Chonf-ed to adeauate ration to save life at six weeks. 
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weight recommended by the National Research Council 
(89). 
Calves in Group I required sls an average 4.8 pounds of 
5DN for each pound of gain if calf 3^ 03 v^ hich made no gain 
is not considered. Group II required only 2.9 pounds of TDN 
per pound of gain. Calves in Group III v/hich received hydro-
genated soybean oil, were relatively inefficient as they r»e-
quired 4.0 pounds of TON per pound of gain. Calves in Group 
17, on the higher plane of nutrition, required only 2,8 
poimds of TDN per pomd of gain. Calf 3688, in Group 17, 
which received butter oil made the most efficient gain, re­
quiring only 2.1 pounds of TDN per pound of gain. 
The lipid and milk intakes for the 8 to 12 week period 
are summarized in Table 28. The lactose, casein, fat and 
total TDN consumption during this period are listed for each 
calf for this same period. Table 29 shows the average daily 
gain, average TDK consiimed per day, the average TDN consumed 
per 100 pounds of body weight, and the TDN consiamed per 
pound of gain. The three calves receiving a lipid-free 
ration during this period consigned an average of 1.2 pounds 
of TDN daily per 100 pounds of body weight. Other calves in 
Group I received nutrients at a slightly higher level 
(averaging 1.3 pounds of TDN per 100 pounds of body weight). 
The one calf which remained in Group II received only 1.1 
Table 2B Lipid and h!il ic Intake During Period from Einht to Twelve V I 'eeks 
V/oii '^t at  A kg in Days Total TDN from 
Dietary Sub­ Calf Breed Sex 8  V/eeks ! .; i lk Total 
Croup zero up No, 
_  6 ?  7 0  .  . .  7 7  Consumed CHO Prot.  l^at TMH 
, , ( L b 3 . )  
I  3 5 9 6  H  K  7 2 , 5  7 0 , 0  7 0 . 0  5 8 . 0  5 8 . 0  2 5 6 , 0  1 2 , 5 4  8 ,  . 4 2  1 1 , 1 8  3 2 , 1 4  
3 5 9 7  H  F  8 5 . 0  6 8 , 6  6 8 , 6  9 8 , 5  9 8 . 0  3 3 3 . 7  1 6 , 3 6  1 0 ,  , 9 8  - 2 7 . 3 4  
3 6 0 3  H U 9 5 . 0  8 1 , 2  ,  7 2 , 1  7 1 . 4  7 1 . 4  2 9 6 , 1  1 4 . 5 1  9 .  . 7 4  9 . 6 8  3 3 , 9 3  
3 7 6 8  M S  M 9 0 , 7  9 3 , 8  7 1 . 6  8 9 . 5  3 4 5 , 6  1 6 , 9 3  1 1 .  . 3 7  1 . 0 1  2 9 . 3 1  
3 7 7 3  U U 9 2 . 0  1 0 3 . 6  1 0 7 , 7  1 1 1 . 8  1 1 3 . 8  4 3 6 . 9  2 1 , 4 1  1 4 ,  . 3 7  . 6 ?  3 6 . 4 5  
3 7 8 0  H U 7 B . 0  8 8 , 3  9 5 . 9  9 8 , 0  1 0 0 .  8  3 8 3 . 0  1 8 , 7 7  1 2 .  , 6 1  2 . 0 2  3 3 . 4 0  
3 6 9 9  M  9 2 . 5  1 0 2 , 1  1 0 6 , 4  1 0 7 , 0  1 0 6 . 0  4 2 1 . 5  2 0 . 6 6  1 3 .  . 8 7  _ 3 4 . 5 3  
3 7 0 0  H  U 1 0 3 . 0  8 8 .  3  1 1 3 . 9  1 2 0 . 4  1 2 2 . 7  4 4 5 . 3  2 1 . 8 2  1 4 .  , 6 5  _ 3 6 . 4 7  
Average 8 7 . 8  8 6 , 6  9 1 . 1  9 2 . 1  9 5 . 0  3 6 4 . 8  1 7 , 8 8  1 2 .  , 0 0  4 . 9 1 ^  3 2 . 9 5  
11 3 6 7 1  }/ 9 7 . 0  9 8 , 0  1 0 5 , 0  1 0 9 . 5  4 0 9 , 5  2 0 , 0 7  1 3 .  4 7  1 7 . 8 7  5 1 . 4 1  
I I I  A 3 6 8 6  H 1.1 1 2 8 , 0  9 9 . 6  1 0 0 , 8  1 0 4 . 4  1 1 0 , 6  4 1 5 . 4  2 0 . 3 5  1 3 .  , 6 7  2 7 . 2 0  6 1 . 2 2  
3 6 9 8  H M 1 5 1 . 5  1 1 5 . 2  1 2 0 , 4  1 2 0 , 4  1 1 1 ^ , 0  4 7 0 , 0  2 3 . 0 3  1 5 .  , 4 6  3 0 . 7 8  6 9 . 2 ?  
Avernce 1 3 9 . 8  1 0 7 . 4  1 1 0 , 6  1 1 2 . 4  1 1 2 . 3  4 4 2 . 7  2 1 . 6 9  1 4 .  , 5 7  2 8 . 9 9  6 5 . 2 5  
B 3 7 0 1  H 111 1 2 9 . 5  1 0 0 , 8  9 9 . 4  1 0 6 , 4  1 1 2 , 0  4 1 8 . 6  2 0 , 5 1  1 3 .  , 7 7  2 7 . 4 0  6 1 . 6 8  
I V  A 3 6 9 6  i-iS M 1 1 6 . 0  1 0 4 , 8  1 0 9 . 8  1 1 1 . 3  1 1 9 , 0  4 4 4 . 9  2 1 . 8 1  1 4 ,  , 6 4  2 9 , 1 4  6 5 . 5 9  
B 3 6 9 7  H M 1 2 1 .  5  1 1 2 , 5  1 1 0 , 9  1 2 0 . 7  1 2 8 , 8  4 7 2 . 9  2 3 . 1 8  1 5 .  , 5 6  3 0 , 9 6  6 9 . 7 0  
C 3 6 8 3  Lio U 1 2 2 . 5  1 0 6 , 2  1 1 4 . 6  1 2 0 , 5  1 2 8 , 1  4 6 9 . 4  2 3 . 0 0  1 5 .  , 4 4  3 0 , 7 4  6 9 . 1 8  
V  B 3 7 8 6 ^  BS l\ 9 6 . 0  1 0 6 , 0  1 0 6 . 0  5 . 1 9  3 .  , 4 9  6 . 9 3  1 5 . 6 1  
G 378i» H M 9 2 . 0  7 4 . 0  7 9 . 8  8 0 , 2  7 2 , 0  3 0 6 , 0  1 4 . 9 9  1 0 .  , 0 7  1 3 . 3 7  38,43 
1 Dlf^estlon coefflclentfl  used were,  protein 94^i lactose 9Sfo a/id Tat 97/^ aa jpiven by ?.lorrlaon (95)» 
^ Avera^^e for animals receiving fat.  
^ Placed on adeouate ration at six v/coks in an attempt to obtain recovery. 
Table 29 Effect of iJietnry on jj 'eod Intake of Calves durinp Period from to Twelve Vfeeks 
Dietnry 
f.roup 
Su'b-
Kroup 
Calf • • 
t ic. 
lireed Sex TSK" " 
Conauaed 
i/eight at 
8 Weeka 
JeirJit at 
12 Weeks 
Total 
Oain 
Av. Uaily 
Gain 
AY.. 
Per Calf 
T'Ji; ^ 
Per luo/lbs^ 
body iveii ' l it  
TDi; per 
Lb. Gain 
(lbs) 
I 3597 H K 27.3U 85.0 85.5 0 .  5 0 018 1.0 1,1 54,7 
3699 H M 3/».53 92,5 104,0 11.5 J.  410 1.2 1,3 3,0 
3700 11 K 103.0 116.0 13.0 0.464 1.3 1,2 2,8 
Average 3^.78 93.5 101.8 8.3 0,297 1.2 1,2 20.  2 
3768 liiS M 29.31 84.5 84,0 - .5 No Oain 1.1 1,2 No Gain 
3773 H M 36.45 92.0 101.1 9.0 0.321 1.3 1.3 4,1 
3780 K i.; 33.W 78.0 100.0 22,0 0.786 1.2 1.4 1.5 
3596 H K 32.14 72.5 74.0 1,5 0.054 1,2 1.5 21,4 
3603 H I.; 33.93 95.0 100.5 5,5 0.196 1.2 1.3 6,  2 
Average 33.05 rf4.4 91,9 7.5 0.271 1.2 1.3 6.6 
II 3671 I,'^  « 51. U 124,5 155,0 30.5 1.089 1,8 1.1 1.7 
III A 3686 H M 61.22 liS.O 151.0 23.0 0.  821 2.2 1.3 2.7 
3698 H M 69.27 151.5 165.5 14.0 0.500 2.5 1.0 5,0 
I ' lVerage 65.25 139.8 158,3 18.5 0.661 2,3 1.2 3 , 8  
B 3701 H M 61.68.  1^9.5 154.5 25.0 0.893 2,2 1.3 2,  5 
IV A 3696 l.,S 1.5 65.59 116,0 138.0 22.0 0 .786 2,3 1.7 3.0 
B 3697 il  1.;  69.70 121,5 150,0 28.5 1.018 2.5 1.6 2,5 
C 3688 J..S iii t>9.18 122.5 154.0 31.5 1,125 2.5 1,6 2,2 
V B 3786^ B3 1.:  15.61 96.0 106.0 10,0 1.429 2,2 2,2 1.6 
C 378U 11 38.43 92.0 114.0 22,0 0.706 1.4 1.3 1.8 
^ Per 100 lbs, vvcls-iit ,  baaed on averace weiiflit  of calves, 
^ Placed on adequate ration from 6 to 9 weeks, terminated at close of nirth week. 
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pounds of TDN per 100 poiinds of body vieight while calves in 
Groups III and IV received 1.3 and 1.6 pounds, respectively, 
of 1!DN daily per 100 poimds of body weight. The lipid-free 
group (Group I) required an average of 20.2 pounds of 5DN 
per pound of gain whereas calves receiving lipids in 
attempts to effect recovery from fat deficiency syndromes 
required 6.2 poxmds and one calf remaining in Group II re­
quired only 1.7 poxmds of !IDN per poimd of gain. Require­
ments of animals in Groups III and IV ranged from 2.2 to 
5.0 pounds of TDK for each pound of gain. 
Lipid and milk intake for calves followir^  the 12 week 
period are sunnosLPized in Table 30. Table 31 shows average 
daily gain, average TDN consumed per 100 poionds of body 
weight and TDN consumed per pound of gain. Calf 3597 re­
sponded poorly in attempts to obtain recovery but 3699 and 
3700 responded to fat therapy and recovered in appearance 
and in ability to gain weight; these calves consumed 3.3 
and 2A pounds of TDK, respectively, per pound of gain in 
weight. Calf 3773 niade fairly efficient gains, requiring 
2.2 poimds of TDN per pound of gain v;hile receiving methyl 
linoleate as the only lipid. The most efficient gains, hov?-
ever, were made by 3768 which required only 1.6 pounds of 
TDN per pound of gain. This calf had responded poorly to 
lecithin but it responded very well when fat also was 
ajdded to the ration. 
Table 30 Lipid and Ullk Intake Tor Calves Beyond the Twolve '.Veek Period 
ARC "in Uaya Total 'I'UM from Total 
Dietary Coif Breed Sex ' /eight Milk TDN^ 
Group i io.  12 '.Veeka 91 9S I05 112 119 126 133 HO 11,7 Conaumed OHO Prot.  Fat 
rCbs. 1 (Lbs,)  ILba. ) I  Lbs.  )  TLtTsTT fLba. ) 
I  3597 H F 85,5 83,0 83,0 83.0 83,0 332,0 16,27 10,92 21.711 '>6,93 
3699 H y.  10/ , ,0 81.7 82,9 93,2 8i . .7 86.9 89.8 86,  3 9i ,0 97,3 796.8 39.0/ ,  26,22 3/ , ,79 100,05 
3700 H l i  116,0 91,7 93,9 93./ ,  95,5 99,0 10/, .6 110,5 116.7 122,2 927.5 Uf.UU 30,51 40,/ ,8 116,/ ,3 
3773 H l. i  101,0 115,/ .  117,6 233,0 11,/ ,2 7,67 1,01 20,10 
3768 I.'S I!  8U.0 79.8 88,6 92,3 260,7 1^,78 8,57 17.08 38,/ ,3 
^  Dip^stion coefficients used were,  protein 9/,^,  lactoae 965d and fat 97/3 0 3 given by Morrison (95),  
Table 31 Effect of Dietary on i 'eed Efficiency for Calvea 
Beyond the Twelve iieek Poriod 
Die tury Calf Breed Sex TDN Initial i- ' innl Total Average Av," TDN ,  
Group Ko, Consumed 'n'eiglit Weight Gain Daily Gain Per Per lOO/lbs. TDN per 
(Lbs. ) (Lbs. ) (Lba. ) (Lbs.) Calf body weight Lb. Gain 
3597 H F '^8,93 85.5 85.0 - .5 No Gain 1 8 2.1 
3699 H M 100.05 104.0 134.5 30.5 .484 1 6 1.4 
3700 H 1.1 116,43 116.0 165.5 49.5 .786 1 9 1.2 
3773 H U 20.10 101.0 110.0 9.0 .643 1 4 1.4 
3768 his M 38.1»3 84.0 108.0 24.0 1.143 1 8 1.9 
^ Per 100 lbs, weipht, based on average weipht of calves. 
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D. Plasma Fat Values 
Blood plasma fat levels (Table 32) decreased during the 
first week in all of the calves which received colostrum re­
gardless of their lipid intake. Hoifever, blood fat values 
in all calves started on the experimental ration without 
colostrum increased slightly (calves 3603, 3643, 3640 and 
3688). Subsequent trends in the lipid-free group (Group I) 
were downward until a mean low value of 21 rag. per cent was 
reached at the seventh v/eek. IJie mean blood plasma fat 
values during the period from 21 to 56 days were 24 and I63 
mg. per 100 ml. for calves in Groups I and II, respectively. 
In groups where fat wais fed the blood fat values began to 
increase the second week and increased until the fifth or 
sixth week at which time they tended to level off. 
The blood fat levels rose very rapidly when fat or 
lipid fractions were introduced into the rations of calves 
previously fed only the semi-synthetic milk. Calves receiv­
ing cinide soybean oil exhibited extremely high blood fat 
values. Blood fat values were higher in most instances 
when hydrogenated soybean oil and lecithin viere fed than 
when at the same level hydrogenated soybean oil was fed. 
It was further observed that small amoxints (0.2 per cent) 
of lipid fractions such as lecithin, free fatty acids. 
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Table 32 Effect of Dietary on the Blood Plasma "Allen f'at' 'Values 
Age in Dflva 
Dietary 
GrouD 
Sub- Calf 
crouD r.'o.  
Breed Sex Syn.,  
laikl  
Lipid 
0 7 14 21 28 3? 42 ''9 
16 
Img. / lOO ml .1 
I  3596 H ? i«one 136, 64.  36.  33.  23.  14,  23.  36.  48.  
11 H.3.3.0.  no. 
11 2S a.O. 
3597 H x' 16 None 192. 57.  43.  13.  12.  21,  17.  11.  44.  45-
11 2^ 3.0.  
11 2^ B.O. 2.0 Lec.  
3603 U U 16 None 21.  29.  30.  39.  43.  37.  46.  37.  38.  
13 1.55i C.3.3.0.  152. 
11 1.5' ,« C.a.B.O. <• .SSLee. 
37t)8 U 16 None 54.  53.  47.  24.  34.  28,  14,  10,  21.  
16 7.5 g.  Leo. 40.  
13 2.85; H.S.B.O. <• .2^ Leo. 
3780 H U 16 None 61.  U.  11. 21,  10.  13,  22,  11,  29.  
16 Pork Liver®* 15 g.  j^'at 57.  
3773 H 16 None 101. 24.  17.  20,  20.  13.  28.  9.  9.  
16 5 g.  l lethyl i-stera 22,  
16 15 g.  Methyl Esters 
63.  3699 H L 16 None 90.  76.  33.  12.  24,  7.  15.  14.  19,  
11 2^ C.3.3.0.  
11 1.85; O.S.B.O. •  .2fa Leo. 
11 1.6S K.S.S.O. * .2^, Lec.  
3700 H 16 None 75.  58.  75.  27.  33.  33.  14.  36.  39.  44,  
11 2fo H.S.B.O. 
11 1.8?o ri ,3.3,0.  * Lec.  
Avorn.^e 0-8 •. . 'eeKs on ij 'ot-free riation 98.  50.  40.  26.  23.  23.  21.  21.  30.  
Avvm^e S-1^ iieeks on r'at-free 1 Ration 36,  
II  3657 ss  k 11 1.8;i  U.S.i i .O. •  Lec.  115. 108. 155. 182. 205. 217. 204. 217. 248. 
3o/0 iiS V. 11 1.8> ii .^.B.O. ,2^ Lec.  21.  23.  61.  111. 123. 113. 145. 148. 100. 
3o71 IS V 11 1.8'^ H.S.3.0.  .25; Lec.  120. 110. 105. l l ' .  113. 149. 203. I06.  162. 163. 
Avcrn.i-e 85.  80.  107. 137. 147. 160. 184. 177. 170. 
HI 3t>36 « u 11 3!« H.S.  b.  0.  15t,  36.  27.  59.  107. 118. 109. 126. 123. 125. 
3o?S l i  L 11 3> 150, 67.  93.  62.  61,  S7.  113. 140. 161. 17t>. 
Avt rEi.:e 152.  52.  60.  61.  84.  IC3. 111. 133. 142. 151. 
d 3701 H L 11 i .Sjo a.6.3.0,  4- Lec,  IJt.  lo.  103. 131. 145. 221. 82.  224. 262. 314. 
IV A 3o96 :-S 13 3;» H.S.i .O. IW. 65.  55.  68.  95.  63.  67.  139. 114, 101. 
3 3o97, » 13 2.8> ri .S.3.0,  * ,2^.i  Lec.  70.  65.  68.  90.  122. 112, 74.  137. 115. 128. 
C 3688^ 13 3'i B.O. 25.  28.  36.  128,  171. 183, 215. 245. 2o7, 300. 
Aversre 78.  52.  53.  95.  129. 119, 119. 174. 165. 176, 
V 364C 33 16 5 r .  Lec.  : i .  45.  26.  84.  92.  99.  
3 37'='c B3 U 16 5 B. if .f .A. 65.  ^9. 15.  17.  60.  42.  }6 15 g.  r' . i ' .A. 58,  
13 2.S>> H.S.B.O. + .2' ,» Lec.  109. 96.  123. 
c  3784 H L lo 5 fi .  F.f .A. 35.  30.  IS.  50.  76.  105. 
16 15 S' F.F.^. 135. 136. 210. 
11 1.8,J K.S.S.O, * .2^; Lec.  234, 
2 
1 
'  i'er ccnt of sosy weirht daily.  
'  "r. : '9t-frcc rntion f irst  tv;o wectcs,  at  rate of 16 por cent of oocy welcbt.  

.etary on ti ie Blood Plasma "Allen Fat^Values 
0 7 It  21 28 35 42 49 6? 7C 77 84 91 98 105 112 119 126 133 140 147 (mg. / lOO ml . )  
.36.  64.  36.  33.  23.  14.  23,  36,  48.  
110. 123, 96,  
95.  171. 
92.  57.  43.  13.  12.  21.  17.  11,  44.  45.  24,  43,  42.  
77.  188, 
409. 467. 
21.  29.  30,  39.  43.  37.  46.  37,  38.  
152. 245. 329. 405. 385. 
379. 
to 
352. 
54.  53.  47.  24.  34.  28.  14.  10,  21.  
40.  38.  53.  U.  
130. 172. 169. 
51.  41.  11.  21.  10,  13.  22.  11,  29.  
57.  72.  117. 116. 
01.  24.  17.  20.  20.  13.  28.  9,  9.  
22.  51,  47.  23.  
55.  71.  
90.  76.  63.  33.  12.  24.  7.  15,  14.  19.  26.  25.  33.  
80.  156. 177. 185. 181. 
269. 229. 
257. 306, 
75.  58.  75.  27.  33.  33,  14.  36,  39.  U.  15. 36.  50.  
91.  49.  161, 137. 140, 
200 ,  223 ,  220, 249, 
98.  50.  40.  26.  23.  23.  21.  21,  30.  
36.  22.  35.  42.  
15.  108. 155. 182, 205. 217. 204, 217, 248. 
21.  23.  61.  111. 123, 113. 145. 148, 100. 
20.  110. 105. 117, 113. 149. 203. lo6.  162. 163. 167. 171. 211, 
55.  80.  107. 137. 147. 160. 184. 177, 170. 
54.  36.  27.  59.  107. 118, 109. 126, 123. 125. 137. 186. 204, 
•iO. il. 93. 62.  61.  87,  113. 140. 161. 176. 78,  84.  111, 
52.  52.  60.  61.  84.  1C3, 111. 133. 142, 151. 108, 135. 158, 
34.  lo.  103. 131. 145. 221, 82.  224. 262, 314. 223, 170. 184. • 
W. 65.  55.  68.  95.  63,  67,  139. 114, 101. 91.  100, 82.  
70.  65.  68.  90,  122. 112, 74,  137. 115, 128. 130. 168, 160, 
25.  28.  36.  128. 171. 183. 215, 245, 267, 300. 276, 226. 186. 
78.  52.  53.  95,  129. 119. 119, 174. 165, 176. 166. 165, 143, 
a .  45. 26,  84,  92.  99.  
35.  i9.  15.  17,  60.  42,  
58,  
109. • 98,  123, 
JS. 30.  IS,  50.  76.  105, 
135, 136. 210, 
234, 254, 261, 255, 
-
relcrfct.  

-80-
methyl esters and pork liver fat tended to increase the 
"Allen fat" value considerably over that of calves in the 
lipid-free group. 
E. Plasma Phospholipid Values 
Data relating to blood phospholipids are shovm in Table 
33. The method developed by Zilversmit and Davis (l4l) was 
employed in determiniTig the phospholipids. The phospholipid 
content of the trichloroacetic acid precipitate was estimated 
by simply multiplying phosphorus content by 25. It was 
realized that this method may possibly measure some non­
lipid phosphorus in addition to the phospholipid phosphorus. 
If this is the case, it is likely that all values were too 
high but since the errors in all cases would be in the same 
direction, comparison still might be valid. 
The mean phospholipid values of calves in Groups I and 
II during the 21 to 56 day period were 54.4 and 138.5 ing-
per 100 ml. of plasma, respectively. Calves which received 
hydrogenated soybean oil plus lecithin had slightly higher 
plasma phospholipid values than calves receiving only 
hydrogenated soybean oil. These data siiggest that the 
phospholipid content of plasma is enhanced by inclusion of 
lipid in the dietary of the calf. 
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.  Table 33 hrrcct or rictary on tht falood Plasoa Phospholipia Values 
.Nation in Days 
ie  L'sry 
uruiip 
. iuD-
•TU'-
Call'  
ic ^0.  
urecd oex 
- . l lk^ 
Lipid 
0 7 14 21 28 42 49 56 0? 70 77 8i  
( .If' . / lOO nl ,)  
I 3763 ;. .o L 16 I^one eo.  .3 69.  .5 50.8 39. .0 79.0 53. .3 o5.0 30.0 53.5 
16 7.5 LeC, 59.5 04.8 70,3 80.  1 
13 • .2' ,o Lec.  
37B0 :i 16 i. 'oae 7S. .3 90.  .0 43.0 46.  .8 42.5 49.  ,8 51.8 70,0 50.5 
lo Pork Livor^ 15 e.  Fat 09.5 101.3 l i7.5 l lo.  . £  
3773 H k lo I^one 11/*.  .5 9o.  .8 48.8 65. .0 29.3 55. .5 63.3 49.5 52.0 
16 5 i-fcthyl •C'sters 76.8 78.0 75.8 99.  ,C 
16 15 Llethyl -sters 
3699 H 16 Kone 125. .5 95.  .0 42.3 56,5 40.0 64.0 43.8 70.5 37.0 42.0 50.S 45.5 31.  
11 C.o.a.O. 
11 1.8^ C.o.B.O. 4. .2^5 Lec.  
11 l . ff i  H.S.B.O. * .2^ Lec.  
52.5" 3700 H li 16 None S3. .5 75.  .0 56,0 59. .5 73.  .5 51.5 74.0 56.0 67.  S 56.0 57.0 36,  
11 2$ H.S.B.O, 
11 1.8^ H.S.B.O. * .2?; Lec.  
Average 0-8 iceks on Fat-free Ration 96,2.  85.  ,3 49.4 53. .4 48.7 59. ,2 55.1 60,0 49.8 
ver'jfe f^-12 Weeks on rat-free Ha t ion 53.4 51.3 34,  , ]  
II 3o57 5S I.: 11 l .Bji  H.S.B.O. * .2^ Lec.  17.  .3 104. .5 83.0 163. .5 153.0 191. ,7 196,0 175.0 166.9 
36i.3 BS I.:  11 1.  8> H.S.i} .  0,  .2?J Lec.  <1*6, 2  43.  .4 60.4 98, .6 118.5 99.  .3 76,0 105.5 111.0 
3671 1,3 i: 11 i . H . S . B . O ,  .2fo Lec.  1-5.  ,0 120, .8 104,5 139. .0 120.3 142. .5 152.6 144.5 138.3 176.0 163.5 175.0 159, ,c 
nver'iKe 62.  ,8 89.  .6 82.6 133. .7 130.6 144. .5 141.5 141.7 138.7 
.  I l l  A 36S6 H u 11 3/® H.S.B, 0.  136, .5 73.  .8 68.0 75.  .9 124.3 108. .8 147.0 150.5 119.5 140.5 149.0 157.0 219. 
3698 H k 11 35o i i . - i .B.  0« 158, • 5 92. .5 77.0 102, .5 93.5 109, ,0 120.0 140.5 156.0 169.0 119.5 135.0 110. ,c 
Averap^e 
2.8f« H.S.B. 0.  .25i Lec,  
147, .0 S3. ,1 72.5 89. .2 108.9 108. .9 133.5 U5.5 137.8 15i^.8 13U.3 131.0 164. 1 
B 3701 w M 11 119, ,0 48.0 96.5 112. .5 146.0 186. .0 106.0 182.0 243.0 233.8 209.8 153.0 226. !c 
IV A 3696 US m 13 3fi  H.S.B.O. 135. ,0 92.5 97.5 88. .0 73.0 67.0 70.0 132.0 114.5 94.8 116.8 120.5 104, 
B 3697. H i£ 13 2.85» H.S.B.O. * .2?S Lec.  110, ,0 101, ,3 79.0 99, .0 92.5 111, .0 111.0 17«.0 111.0 U2.0 156.0 159.0 160. ,C 
C 3688'^ i:s M 13 3/0 B.O. 57,  ,0 53.  .3 60.0 90, .0 121.5 135. .0 150.5 188.5 153.5 202.0 214.0 178.0 187. ,c 
Average 100. .7 84.  ,0 78.8 92,  .3 95.7 104. 3 110.5 160.2 126.3 136,3 162.3 152.5 150. 
V B 3736 BS IM 16 5 s .  J'.r' .A. 76,  .5 52.  ,8 48.0 U, ,5 58.3 69.  .8 
lo 15 e.  F.P.A. 87.8 
13 2.S§ H.S.B.O. 4- .2^ Le c .  92,5 133.5 175.8 
C 3784 H L; Id 5 e .  77.  ,8 tz. ,8 48.0 68,  .0 78,5 101, • 5  
16 15 g.  F.F.A. lU.O 113.0 131.3 
11 1.8?» H.S.B.O. •f ,2:;  Lcc,  243.0 208.3 2cJ5.3 240. ( 
^ Per cent of sody wel;;ht daily.  
• Or. fat-free ration f irst  two weeks.  

ctary on the blood Plasma Pfaospholipla Values 
A.*e la Days 
0 7 14 21 28 35 42 49 56 6? 70 77 84 91 98 105 112 119 126 133 140 147 
/ lOO inl.)  
BO. 3 69,  .5 56.8 39, .0 79.0 53.3 65.0 30.0 53.5 
59.5 04.8 70.3 80.5 
98.5 177.5 213.8 
78.3 90. ,0 43.0 46. .8 42.5 49.8 51.3 70.0 50.5 
09.5 101.3 l i7.5 110.8 
Hi. .  5 9o,  .8 48.8 o5. .0 29.3 55.5 63.3 49.5 52.0 
76.8 78.0 75.8 99.0 
120.0 111.3 
125.5 95.  .0 42.3 56, .5 40.0 64.0 43.8 70.5 37.0 42.0 50.8 45.5 31.8 
94.5 158.8 117.5 126.8 IUO.8 
176.8 146.0 
135.0 126.9 
S3. 5 75.  ,0 56.0 59. .5 52.5 73.5 51.5 74.0 56.0 67.8 56.0 57-0 36.5 
77.0 127.5 110.5 93.3 80.3 
LOD .O l i i .O 141.0 190.0 
96.1,  85.  .3 49.4 53. .4 48.7 59.2 55.1 60.0 49.8 
54.9 53.4 51.3 34.1 
17.3 104. ,5 83.0 163. .5 153.0 191.7 196.0 175.0 166.9 
1.6.2 W. ,4 60.4 98, ,6 118.5 99.3 76.0 105.5 111.0 
125.0 120. 8 104.5 139. ,0 120.3 1U.5 152.6 144.5 138.3 176.0 163.5 1/5.0 159.0 
62.8 89.  6 82.6 133. .7 130.6 144.5 141.5 141.7 138.7 
136.5 73.  8 68,0 75.  9 124.3 108,8 147.0 150.5 119.5 140.5 149.0 157.0 219.0 
158.5 92.  5 77.0 102. ,5 93.5 109.0 120.0 140.5 156.0 169.0 119.5 l'35-O 110.0 
U7.0 83. 1 72.5 89. ,2 108.9 108.9 133.5 145.5 137.8 154.8 134.3 131.0 164.5 
119.0 US. 0 96,5 112. ,5 146.0 186.0 106.0 182.0 243.0 233.8 209.8 153.0 226.0 
135.0 92.  5 97.5 88.  ,0 73.0 67.0 70.0 132.0 114.5 94.8 116.8 120.5 104.3 
110.0 101, 3 79.0 99.  ,0 92.5 111.0 111.0 178.0 111.0 U2.0 156.0 159.0 160.0 
57.0 58.  3 60.0 90,  .0 121.5 135.0 150.5 188.5 153.5 202.0 214.0 178.0 187.0 
100.7 84.  0 78.8 92.  3 95.7 104.3 110.5 166.2 126.3 136.3 162.3 152.5 150.4 
76.5 52.  s 48,0 44.  5 58.3 69.8 
87.8 
92.5 133.5 175.8 
77.8 1 .2.  8  48.0 68.  ,0 78.5 101.5 
141.0 113.0 131.3 
243.0 iu8.3 235.3 240.5 
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The effect of diet on changes in group mean plasma 
phospholipid values of the various groups are summarized 
in Figure 4. 
F. Plasma Total Fatty Acid Values 
Blood plasma total fatty acid values (Table 3^ ) decreased 
during the first week in all calves on the lipid-free, semi­
synthetic milk (Group I). The lowest mean total fatty acid 
value in the lipid-free group was 18 mg. per cent at seven 
weeks of age. The mean total fatty acid values during the 
period from 21 to 56 days were 22 and 1^ 3 mg. per 100 ml. 
for calves on the lipid-free milk (Group I) and semi­
synthetic milk containing lipids (Group II), respectively. 
Figure 5 shovjs the effect of dietary on changes in 
group mean blood plasma "Allen fat" and total fatty acid 
in blood plasma. The similarity of group means in the two 
diagrams is noteworthy. 
G. Plasma Polyunsaturated Fatty Acid Values 
The linoleic acid values in the blood plasma (Table 35) 
declined sharply after the calves had received the lipid-free 
I FAT FREE 
H 1.8% H.S.B.O. LEC. 
niA 3 % H.S.B.O 
IZ 3 7o B.O., H.S.B.O., OR H.S.B.O + LEC 
O 
O 
eJ 
Q 
Q. 
_j 
o 
X 
CL 
CO 
o 
X 
Q-
0 1 1 
0 I 4 5 6 7 8 
TIME, WEEKS 
0 
Figure 4. Effect of dietary on changes in group meain 
plasma phospholipid values 
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Table i ffect of Dietary on the Plasma Total Fatty Acid Values 
A^U Ifl 1/575" 
Mct'iry .-lub- Calf  Breed Sex Syn.,  
i^roun rroup 
I  
ISLupJi-
Llpid 
-^0. 
3596 H f'  16 
11 
11 
None 
2^; H.' i .B.O. 
2^0 B.O. 
3597 n i' 16 
11 
11 
None 
2> B.O. 
3.0.  2^ Lec. 
3603 n K 16 
13 
11 
None 
1.55i C.i .B.O. 
1.5% C.o.B.O. * , .5;» Lec,  
376S .. .0 u 16 
16 
13 
i'«one 
7.5 g.  Lcc.  
i i . i i .b.O. * , >2^ Lec.  
3760 i l  k lo 
lo 
I* one 
Pork Livers^ 15 ( Fat 
3773 n 111 lo  IJ one 
Id 5 t: ,  ;-etnyl -sters 
lo 15 t*.  i -cti iyl  Ksters 
3a99 16 
11 
11 
11 
I«qae 
2*0 ^.0.3.0.  
1.8^ C.S.B.O. f  ,  
l ,8>j  i i ,3 .5 .0 ,  + 
.2^'b Lec.  
2',j  Lec,  
3700 11 16 
11 
11 
Kone 
2^ H.S.iS.O. 
1.8^ h.S.b.C. * . .25^ Lec.  
14 21 28 35 A2 49 56 63 
Average 0-8 .eeics on Fat-free nation 
Avera'":e £-12 'Vecka on ^'at-free Hation 
I I  
Avtrn*re 
III 
V  
3657 
3643 
11 
11 
1.8^; U.S.B.O. 
l.s:; 
.2«o Lec.  
.2f;  Lec.  
(ne./ lOO nin 
U3.2 55.5 W.O 31..0 29.0 U.O 26.2 32.8 36.; ,  
o5* o OO. 
132.5 52.4 32.0 18.2 U .O 27.7 9.3 25.0 4.4.3 35.0 46.  
50.6 33.3 31.1 36.6 17.7 38.3 24.3 38.4 37.2 
121.4 95.  
34.4 24.8 28.0 10.0 32.0 29.1 38.0 7.0 4.2 
108.7 42.9 17.5- 12.2 11.9 10.8 17.8 10.5 7.5 
96.3 22.8 Ib.O 19.8 24.9 8.4 29.5 7.2 10.4 
37.4 44.  
11.1 20. 
3.5 9.  
82.5 =1.8 32.0 lo.9 10.8 12.9 11.3 10.9 26.7 25.  
62.5 43.0 59.5 10.1.  lo. l  32.4 50.3 13.4 27.2 41.3 44.  
86.3 t2.7 32.0 19.8 19.6 25.1 ^7.9 18.2 22.3 
34.3 38.  
77.4 111.6 l .:4.1 135.7 176.6 207.9 ISO.4 191.5 232.4 
15.0 14.0 36.8 87.2 98.8 88.0 92.4 1^4.6 119.9 
46.2 d2.8 80.5 111.5 137.7 147.9 136.4 148.0 176.2 
A 36-a H 1 11 H. .S.B.O. 147. .3 44.  .8 52.  .3 69.  7 113. .4 66.  , 6  128. .6 134. ,4 130. .0 
3640 btj ] 16 5 f; .  Lec.  6.  ,1 62,  ,7 28.  ,0 49.  3 52.  .3 50.  ,0 
B 3786 3S : .!  16 5 5.  F.r.A, 52.  3 33.  ,2 4.  ,3 4.  7 15.  ,8 26.  9 
16 15 , F.F.A, 41.  ,3 
13 2.8% H.o.B.O, •  .2=i Lec.  40. ,0 73.  ,3 45.3 
C 37H4 H ; 16 15 s .  , F .r.A. 27. ,0 19. .3 S. 2 31.  3 29. .5 101. 7 
lo 15 . F.F.A, 47. .3 48. ,1 85.  .3 
11 l .S': .  i i .S.3.0.  * .2<; Lec.  50.8 
1 Per cent or boay wcir^t daily 

tn the Plasma Total fatty Acid Values 
- ' •A;»e "in UE73 
7 U 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119 126 133 140 147 
(ng./lOO ml.) 
26.2 36.4 55.5 40.0 34.0 29. 0 41.0 32,8 85.6 88.5 58.1 
88.1 1^1.4 
52.4 32.0 18.2 14. .0 27.7 9.3 25.0 44.3 35.0 46.0 29.0 40.0 
73.6 163.1 
295.6 
33.3 31.1 36,6 17. 7 38.3 24.3 38.4 37.2 
121.4 95.7 185.1 256.1 290.8 
277.3 194.4 
24.8 28.0 10.0 32. 0 29.1 33.0 7.0 4.2 
37.4 44.0 48.5 84.2 
35.7 37.7 40.3 
42.9 17.5 12.2 11. .9 10.8 17.8 10.5 7.5 
11.1 26.0 52.0 49.1 
22.8 l&.O 19.8 24. .9 8.4 29.5 7.2 10.4 
3.5 9.0 10.3 9.1 
20.7 14.0 
Co
 
32.0 16.9 10, ,8 12.9 ^7.7 11.3 10.9 26.7 25.2 18.6 14.2 
78,0 112.4 196.9 231.7 300.0 
227.1 245.0 
W.O 59.5 10.U 16.1 32.4 50.3 13.4 27.2 41.3 44.3 1^.5 31.4 
42.7 32.0 19.8 19.6 25.1 ^7.9 18.2 22.3 
86,4 107.9 183.7 157.4 177.1 
271.3 28U.0 
108.8 180.0 179.5 194.7 
34.3 3S.5 20.1 28.5 
111.6 124.1 135.7 176.6 207.9 180.4 191.5 232.4 
14.0 36.8 87.2 98.8 88.0 92.4 124.6 119.9 
62.8 80.5 111.5 137.7 147.9 136.4 148.0 176.2 
44.8 52.3 69.7 113.4 66.6 128.6 134.4 130.0 
62.7 28.0 49.3 52.3 50.0 
33.2 4.8 4.7 15.8 26.9 
41.3 
19.3 8.2 31.3 29.5 101.7 
4 O . 0  7 3 . 3  4 5 . 3  
/.7.3 48.1 85.3 
50.8 196.3 143.-7 182.2 
<• 
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L I LIPID FREE I 1.8% H.S.B.O.+.2% LEC. 
O180 
IE A 3% H.S.B.O 
IZ 37o B.O., H.S.B.O., OR H.S.B.O. + LEG. 
1^50 -
cnI20 Q 
O 
<90 
> 
I-
-niA 
/ 
* \ 
/ \ 
\ \ 
\ 
\\ 
/ 
< A-Li- K \--
-_.3I1A 
1-120 h 
<90 
2 3 4 5 6 7 8 
TIME, WEEKS 
9 10 1! 12 
Figure 5* Effect of dietary on changes in group mean 
"Allen fat" and total fatty acid blood 
plasma 
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Table 35 Effect of Dietary on Blood FXaaoa ]  
Di« tary Sub- Calf Br<)ed Sex iyn.. 
56 OrouD pirouo No. Mllk^ Llold 0 7 14 21 28 35 W 49 
16 
Ime./lOO ml. • ) 
I 3596 H ? None 26.4 6 .t  3.9 2.7 2.0 4.0 3.9 3.3 3.1 
11 H.S.B^O. 
11 25i s.o. 
3597 H ? 16 NODS 32.7 7.8 1.8 3.4 1.6 2.4 1.7 2.3 4.9 
11 2* B.C. 
11 2* B.C. 2* L«c. 
3603 H U 16 None U.O 4.3 1.4 2.3 2.6 3.6 2.8 3.8 3.0 
13 1.5* C.B.B.O. 
11 1.5* C.S.B.O. » Leo. 
3768 U3 u 16 Kone Z.U - — 1.0 1.0 1.0 U.3 
16 7.5 g. Leo. 
13 2.8* H.S.B.O. + ,2* Leo. 
3780 H u 16 None 6.9 1.6 2.5 1.0 ' 0.9 0.4 0.3 1.1 0.0 
16 Pork Liver 15 g. Fat 
3773 H u 16 None 5.2 3.5 0.0 0,6 0.9 0.1 2.4 .7 0.0 
16 5 g. Methyl Esters 
16 15 g. Urtbyl Esters 
3699 H u 16 None - 1.7 1.0 3.2 1.6 0.4 0.3 
11 2* C.S.B.O. 
11 1.8* C.S.B.O. •  .2* Leo. 
3700 H u 16 None - •. 2.4 4.6 11.7 4.4 1.5 1 .6 
11 2* H.S.B.O. 
11 1.8* H.S.B.O. •> .2$ Lee. 
Averap:e 0-8 V/eeks on Fat- free itation U.6 4.7 1.9 2.0 2.0 3.3 2.9 1.7 1.7 
Averaf^e 8-12 Weeks 6n i'at .-free Ration 
II 3657 BS 11 1.8* H.S.B.O. •  .2* Lec. 22.1 47.6 72.6 85.0 54.5 129.2 112.0 95.7 129.0 
3643 BS k 11 1.8* H.S.B.O. * .2* Leo. 21.9 21.6 34.1 39.8 60.2 56.2 58.7 50.1 36.9 
Averape 22.0 34.6 53.4 62.4 57.3 93.0 85.3 72.9 83.0 
III A 3oB6 H U 11 3* H.S.B.O. 35.4 11.4 8.4 11.0 31.9 26.9 55.8 31.7 32.0 
V A 36i.O BS 16 5 g. Lec. 1.7 19.7 11.2 21.2 21.0 19.2 
B 3736 BS u 16 5 g. '".F.A. 3.7 0.2 0.5 2.3 4.9 18.5 
16 15 6. F.f.A. 23.0 32.8 13.4 
C ' 3784 H • I! 16 5 g. F.F.A. 6.0 6.3 6.4 6.7 6.7 15.4 21.» IO.2 33.6 
16 15 g. F.F.A. 
11 1.85. H.S.B.O. * .2* Loo. 
^ Per cent of ooay -/jei^t daily 

Table 3$ Effect of Dietary oa Blood Flasna Llcolaic Acid Values 
0 7 U 21 28 35 42 ;,9 56 63 70 77 84 91 98 IPS 112 119 126 
Img./lOO ml.) 
26.4 6.4 3.9 2.7 2.0 4.0 3.9 3.3 3.1 
13.3 13.9 10.1 
17.7 43.8 
32.7 7.8 1.8 3.4 1.6 2.4 1.7 2.3 4.9 3.8 5.5 4.3 4.2 
19.9 20.0 
77.9 
14.0 4.3 1.4 2.3 2.6 3.6 2.8 3.8 3.0 
67.3 58.6 124.9 151.7 197.8 
183.2 186,7 
2 . 4  -  . . .  1 . 0  1 . 0  1 . 0  U . 3  
7 .9 1.2 8.3 3.0 
2.7 11.2 14.9 
6.9 1.6 2.5 1.0 • 0.9 0.4 0.3 1.1 0.0 
i .J 5.4 >.J 'i .o 
n.L 2.7 2.7 1.5 
8.7 2.8 
28.9 43.1 78.2 88.4 79.1 
130,8 
18.7 21.8 25.9 38.4 22.0 
22.3 
Fat 
5.2 3.5 0.0 0.6 0.9 0.1 2.4 .7 0.0 
1.3
0.4 .  
5 3
.  
2 6
.  
- - -
1.7 1.0 3.2 1.6 0.4 0.3 4.2 1.6 1.1 0.4 
Lec. 
_ - - 2.4 4.6 11.7 4.4 1.5 1.6 3.4 0.8 0.5 0.7 
Lee. 
14.6 4.7 1.9 2.0 2.0 3.3 2.9 1.7 1.7 
3.8 2.6 2.0 1.8 
Lec. 
Lec, 
22.1 
21.9 
47.6 
21.6 
72.6 
34.1 
85.0 
39.8 
54.5 
60.2 
129.2 
56.2 
112.0 
58.7 
95.7 
50.1 
129.0 
36.9 
22.0 34.6 . 53.4 62.4 57.3 93.0 85.3 72.9 83.0 
35.4 11.4 8.4 11.0 31.9 26.9 55.8 31.7 32.0 
Lec. 
1.7 
3.7 
8.0 
19.7 
0.2 
6.3 
11.2 
0.5 
6.4 
21.2 
2.3 
6.7 
21.0 
4.9 
6.7 
19.2 
18.5 
15.4 
23.0 
2 1 . -
32.8 
,:0.2 
13.4 
33.6 
22I5 51.2 27.9 
97.7 
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milk for one week and remained consistently lov/ throughout 
the experimental period. Linoleic acid, values for calves 
in the lipid-free group during the period from 21 to 56 
days vfas 2.3 rag. per cent, ivhereas calves receiving hydro-
genated soybean oil and lecithin (Group XI) averaged 75.? 
rng. per cent of linoleic acid over the same period. Feeding 
of 15 grams of pork liver fat or 15 grams of methyl esters 
increased the linoleic acid values slightly. Group V calves 
which received small amounts of free fatty acids had variable 
but significantly higher plasma linoleic acid values than 
did calves in the lipid-free group. 
The relationship of blood plasma linoleic acid values 
to body weight changes were evaluated statistically^. 13ie 
correlation within calves where differences betvreen calves 
have been taken out (Groups I and II) are summarized in Table 
36. These data suggest that a small positive correlation 
existed between linoleic acid values and weight change in the 
case of the lipid-free calves. A somewhat higher positive 
correlation was fomd (Group II) when calves received lipids. 
The arachidonic acid content (Table 37) in the blood 
plasma of the calves on the fat-free ration (Group I) de-
^All statistical methods used in analjrzing the data in 
this thesis were taken from Snedecor (126). 
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Table 36 
Correlation of Blood Plasma Linoleic 
Acid to Body Weight 
Group Calf No SXa SYa SXY 
I 3596 11.87 40.10 8.71 
3597 32,31 59.50 1.70 
3603 5.94 33.00 5.75 
3768 0.37 0.78 0.16 
3780 3.26 30.88 1.58 
3773 11.40 36.50 -11.35 
3699 6.90 27.92 - 3.93 
3700 77.50 34.79 24.63 
Total 149.55 263.47 27.25 
r = 27.25/7(149.55) (263.^^6) = .14 
II 3657 6963.70 70,40 173.00 
3643 682.20 113.69 260.36 
Total 7645.90 184.09 433.36 
r = 433.367/(7645.90) (184.09) = .37 
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Table 37 iXfect of i^ietary on Blood Plasma HracJ 
Hation , Age In Uaya 
Uletary 
Crouo 
6ub- Calf 
rroup No. 
^reed 6ex 
i'uilkl 
Lipid 
0 7 14 21 28 35 42 49 56 63 71 
IQi AUU oJ.. ]  
I 3596 H 16 I.'one 11.0 8.6 7.4 4.0 2.1 0.7 3.8 4.8 2.9 
11 2^ H.;3.B.0. 4.7 5.' 
11 2y B.O. 
3597 H ? 16 Xone 12.4 8.0 2.9 0.0 1.9 2.6 2.3 2.3 5.0 4.2 4.1 
11 2^; B.O. 
11 2^ B.0. * Z',9 Lec. 
3003 H U 16 Kone 3.5 2.0 2.3 2.8 2.6 3.8 1.9 4.3 3.2 4.3 3.:  
13 1.5^ C.S.3.0.  
11 1,5?b C.S.B.O.  •  ,5% Lec, 
3768 LI 16 Kone 2.0 - - - - 2.3 0.5 1.0 0.0 
16 7-5 e. Lec. 1.7 2.: 
13 2,7^ H.S.B.O. * ,2^/0 Lec. 
3780 H U 16 None 7.2» 1.3 2.1 0.9 1.8 0.0 0.3 2.5 0.0 
16 Pork Liver 15 f , .  ^'at 0.0 5.' 
3773 H u 16 None 2.6 1.5 0.0. 1.7 1.7 0.0 1.7 0.3 0.0 
16 5 g. Methyl tsters 0.3 0.: 
16 15 6. Methyl Esters 
3699 II u 16 None - - — 1.1 0.0 0.5 1.4 0.0 0.0 1.5 1.: 
11 2?i C.S.B.O. 
11 1.8^^ C.3.3.0. •  12^ Lec. 
3700 H 16 None - - - 0.0 0.7 5.5 0.0 0.6 1.1 5.1 2.1 
11 
11 1.8^ H.S.B.O, Lec. 
Aver-if^e 0-S v, 'ee!<3 on J'at-free Hation 6.5 4.3 2.9 1.5 1.5 1.9 1.6 2.0 1.5 
Aver-i^^e 8-12 V»eek3 on i'at-free Hation 3.6 2.(  
II 3657 BS 11 l.S5i H.S.B.O. * .2^ Lec. 6.3 10.4 6.3 7.8 3.5 4.4 3.5 2.6 8.0 
36/*3 3S M 11 1.8^ H.S.B.O. •  .2% Lec. 0.6 0.6 0.0 2.9 2.4 2.9 2 .2  1.3 7.3 
Averaf?e 3.4 5.5 3.2 5.4 3.0 3.7 2.8 1.9 7.7 
III A 3686 H 11 3SI H.S.B.O.  7.7 6.6 5.2 5.6 7.8 5.5 8.8 4.5 4.0 
V A 36i.O BS li  16 5 g. Lec. 0.2 4.3 2.0 3.3 2.4 
B 3786 bS 16 5 g. r'.F.A. - 3.7 0.4 0.0 0.8 
16 15 8. 1.3 2.6 
13 2.8^ H.S.B.O. *.2^ Lec. 2.0 1.9 1.1 
C 5784 II k 16 5 g, r'.F.A. 2.1 1.4 2.1 2.8 4.0 2.3 
16 15 g. y.p.A. 3 .2  2.6 4 .9  
11 1.35 H.S.B.O. •  .2^ Lec. 2.1 l.< 
^ Per cent of bofly weight daily 
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Table 37 EfTect of Uletsry on Blood plaana Araohldonio Acid Values 
Aire In Daya 
0 7 14 21 28 3? 42 49 6? 70 77 84 
iras. •v
. 1- c
 
c
 
a l .  J 
11.0 8.6 7.4 4.0 2.1 0.7 3.3 4.8 2.9 
4.7 5.7 3.5 
4.9 
iz.u 8.0 2.9 0.0 1.9 2.6 2.3 2.3 5.0 4.2 4.6 2.5 2.2 
- •  
3.5 2.0 2.3 2.8 2.6 3.8 1.9 4.3 3.2 u.-} 3.2 
3.0 4.2 
.59^ l<©c. 
2.0 - - 2.3 0.5 1.0 0.0 
1.7 2.2 1.0 0.0 
.2Vo Lec. 
7.4 1.3 2.1 0.9 1.8 0.0 0.3 2.5 0.0 
5 ^'at 0.0 5.7 5.5 3.3 
2.6 1.5 0.0 1.7 1.7 0.0 1.7 0.3 0.0 
!rs 0.3 0.7 0.0 0.0 
;era 
- - -
1.1 0.0 0.5 1.4 0.0 0.0 1.5 1.1 0.4 0.4 
12% Lec. 
-
- -
0.0 0.7 5.5 0.0 0.6 1.1 5.1 2.1 0.6 1.3 
.2^ Lec. 
6.5 4.3 2.9 1.5 1.5 1.9 1.6 2.0 1.5 
3.6 2.6 1.1 1.3 
.2^ Lec. 6.3 10.4 6.3 7.8 3.5 4.4 3.5 2.6 8.0 
,2^ Lec. 0.6 0.6 0.0 2.9 2.4 2.9 2.2 1.3 7.3 
J.l* 5.5 3.2 5.4 3.0 3.7 2.8 1.9 7.7 
7.7 6.6 5.2 5.6 7.8 5.5 8.8 4.5 4.0 
0.2 4.3 2.0 3.3 2.4 
• 3.7 0.4 0.0 0.8 
1.3 2.6 
2«C Lec. 2.0 1.9 1.1 
2.1 1.4 2.1 2.8 4.0 2.3 
3.2 2.6 4.9 
.25b Lec. 2.1 1.6 2.9 4.9 
7.1 V.o 
8.7 
6.0 4.5 
t.i  i.i/  
0.0 0.8 0.4 • 0.0 
2.2 0.1 
1.7 0.0 3.3 1.3 1.1 
21.6 
' .8 3.3 3.7 4.1 4.6 
1.8 

dined iintil about the third week at vfhich time there v;as a 
trend toward piateauing. The mean blood plasma arachidonic 
acid values for calves during the period from 21 to 56' days 
viere 1.3 and 4.1 mg. per cent for Groups I and II, respect­
ively. Ko arachidonic acid could be found in four of the 
eight plasma samples of calves on the lipid-free ration 
(Group I) at eight weeks of age. Plasma arachidonic acid 
values increased sharply in most instances i^hen lipids vjere 
added to the ration. 
Table 3S shows the linolenic acid content in the blood 
plasma of the calves. Linolenic acid v;as very lovj in both 
lipid-free and lipid-supplemented calves as indicated by the 
raean values for the 21 to 56 day period xvhich vrere 0.3 and 
1.8 mg. per 100 ml. for Groups I and II, respectively. The 
amount found in each of those groups v/as variable; in inany 
instances only traces of linolenic acid present in 
plasma samples from individual calves. 
Figure 6 suuimarizes the effect of diet on the average 
blood plasma changes of linoleic, linolenic and arachidonic 
fatty acids. Tne amounts of linolenic and arachidonic acids 
in the blood plasma v/ere relatively small in both the lipid-
free and the supplemented groups as compared with the 
linoleic acid values. 
00 
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5. Effect of dietary on changes in group mean linoleic, lin 
lenic and arachidonic fatty acids in blood plasma 
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Tuble 38 tiTect of Dietary on Hlood ?l<asna Llnolenic Ada Values 
' "l-^a'tTon Age in" "Days" 
li-itMry SuD- . iTQfit oyn..  
GrovjD rrout) i. 'o. 0 7 lA 21 28 ^5, U 49 56 63 
lo?./100 l . i  
I 3*^96 H i?" 16 "one 2.1 0.0 0,0 0.0 0.6 0! 
.5 0.2 0.0 1.0 
11 1.4 
11 2^ b .O, 
3597 H p" 16 I.'or.e 2.9 0.1 u.s 2.0 0.3 1. .7 0.0 0.0 0.0 0.0 
11 2^-0 j.O, 
11 2ti B.C. •  Lec. 
3603 H U 16 None 0.0 0.8 0.3 1.7 0.2 0, ,0 0.4 0.0 0.0 
13 1.5^ C.S.B.0, 5.6 
11 1.5^t C.i.b.O. Lec. 
3768 ilS ivi 16 None c.o _ _ . . 0. .0 0.0 0.0 0.0 
16 7,5 g. Lcc. 0.2 
13 2,8$o n.S.B.O, * ,2^ Lec, 
3780 a M 16 None 0.0 0.1 0.0 0.0 0.0 0. .0 0.0 0.0 0.6 
16 Porlc Liver =5= 15 g. Fat 0.3 
3773 *4 MI 16 None 1.3 1.0 0.0 0.0 0.2 0. .0 0.2 0.0 0.0 
16 5 g. Methyl Esters 0.4 
16 15 g« Uettiyl Isters . 
3699 H u 16 None . . . 0.0 0.3 0. .u 0.0 1.4 0.3 0.0 
11 2^ C.S.B.O. 
11 1.85i C.S.B.O. .2^ Lec. 
3700 H u 16 None • 0.6 0.0 0. ,2 0.2 0.0 0.0 2.9 
11 2> H.S.B.O. 
11 1.8i6 ll .S.B.O. •  .2^ Lec. 
Average C-8 Vi'eeks on Fat-free Ration 1.0 0.4 1.0 0,6 0.2 0. .U 0.1 0.2 0.2 
Average 8-12 v/eeKs on Fa.t-free <^atloa 1.0 
11 3657 BS U 11 1.8^t H.S.B.O. •  .2$; Lec. 0.8 0.0 0.7 0.0 1.1 4. ,0 3.1 2.1 0.5 
36i.3 BS U 11 1.8> h.S.B.O. •  ,2<«Lec. 0.0 0.0 3.6 1.2 1.2 0. .7 2.2 4.2 1.1 
Aver>ii^e O.L 0.0 2.2 0.6 1.1 2. .3 2.6 3.2 0.8 
III A 3686 H u 11 35J H.S.B.O. k.8 0.6 0.0 0.0 0.0 1. ,8 0.0 2.8 2.0 
V A 36^.0 BS Iti 16 5 g. Lec. 0.1 0.0 O.k 1.6 1.3 1, ,1 
B 3786 BS u 16 5 g. F.F.A. 0.0 0.0 0.0 0.0 0.1 0, ,0 
16 15 e. F.F.A. 0.0 
13 2.8? H.S.B.O. •  .2^ Lec. 0.0 0.0 
C 378/* H 16 5 6. F.F.A. 0.0 0.0 0.0 0.0 0.0 1. 3 
16 15 F.y.A. 0.0 1.8 0.0 
11 1.8?o H.S.B.O. •  ,2^g Lec. 0.9 
^ Per ccnt or booy weicht daily. 
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Table 38 tl'l'ect of Dietary or. iUood Plaana Llnolenlc AolQ Values 
Age in uaya 
2.9 3.0 
2^9 Lec, 5.7 
B.O. . . . . . . .  
ti .O, Lec. 7.9 9.6 
c. 
B.O. * ,2^ Lec. 
P 15 6. Fat 
yl £3ters 
byl 2:.9ters 0,0 0.0 
0 7 li .  21 28 42 49 56 63 7C 77 84 
lnu?./100 ni.} 
2,1 0.0 0.0 0.0 0,6 0.5 0.2 0,0 1.0 
l .U 0.0 1.9 
2.5 
2.9 0.1 4.8 2.0 0.3 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.8 0.3 1.7 0.2 0.0 0.4 0.0 0.0 
5.5 2.:; 5.7 6.9 
0.0 _ _ 0.0 0.0 0.0 0.0 
0.2 0.0 0.3 0.8 
0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 
0.3 0.0 0.0 0,0 
1.3 1.0 0.0 0,0 0.2 0.0 0,2 0.0 0.0 
0.4 0.0 0.1 0.0 
- - -
0,0 0.3 0.4 0.0 1.4 0.3 0.0 0.0 0.0 0,2 
- - -
0.6 0,0 0.2 0.2 0.0 0.0 2.9 3.1 0.1 0.2 
1.0 0.4 1.0 0.6 0.2 0.4 0.1 0.2 0,2 
1.0 1.0 0.0 0.1 
0.8 0.0 0.7 0,0 1.1 4.0 3.1 2.1 0.5 
0.0 0.0 3.6 1,2 1.2 0.7 2.2 4.2 1.1 
0,U 0.0 2,2 0.6 1,1 2.3 2.6 3.2 0.8 
4.8 0.6 0.0 0.0 0.0 1,8 0.0 2.8 2.0 
0.1 0.0 0.4 1.6 1.3 1,1 
0.0 0.0 0,0 O.O 0.1 0.0 
0.0 
0.0 0.0 
0 .0 o.o 0.0 0,0 0.0 1.3 
0.0 1,8 0.0 
0, 2.Z. 4,1 3,0 5.8 4.7 
>.0. .2^ Lec. 0.0 
,
).  0.7 0.3 0,3 0.0 0.0 
> , 0 ,  +  . 2 ^  L e c .  0 . 8 -
1.0. + ,2^i Lec. 
1,0, * .2^ Lec. 
). 
A, 
^.0. * .2^ Lec. 
1. 
A. 
;.0. + .2^4 Lec. 0.9 0.0 0.0 0.0 0.0 
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V. DISCUSSION 
The results of the data presented in this manuscript 
indicate that dietary lipids are required both quantitatively 
and qualitatively by the young calf for normal growth and 
development. Calves failed to grow normally after only a 
few weeks on the lipid-free diet and other deficiency 
syndromes began to appear at approximately 7 weeks of age. 
Animals on an iso-caloric diet containing 1.8 per cent hjrdro-
genated soybean oil and 0,2 per cent lecithin made sub­
stantial weight gains and appeared to be healthy in all 
instances, indicating adequacy of the ration. These results 
with calves are in agreement with findings regarding the 
lipid requirements of the rat {25, 43, ll6, 124), pig (138), 
mouse (19  ^ 130), chicken (lOB) and dog {67). 
The semi-synthetic milk used in producing the fat-
deficiency syndrome was extremely low in fat. Every pre­
caution was taken to remove all possible lipids from 
ingredients used in compounding the milk. Vitamin test 
casein (washed in hot alcohol) and C. P. lactose were the 
two most probable soiirces of small amounts of material. For 
this reason, these two ingredients were subjected to careful 
chemical analysis to determine the amounts of the essential 
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TalDle 39 
Total Fatty Acids and Polyunsaturated Fatty Acids in 
Vitamin Test Casein and C. P. Lactose 
Polyiinsaturated Fatty 
Acids 
Total Free Lino- Lino- Arachi-
Insredient Fatty Acids leic lenic donic 
(mg ./ICO g.) (ing . / lOO g. total 
fatty acids) 
Vitamin test casein 2.38 24.97 2.69 0.00 
C. P. lactose 1.24 15.20 I.39 3-68 
fatty acids present- The results of these analyses are pre­
sented in Table 39-
Further calculations indicate that a 100 poiind calf re­
ceiving milk at the rate of 16 per cent of its body weight 
each day would be consming only about six mg. of fatty 
acids daily from the diet. This amount seems to be almost 
negligible since 15 to 20 mg. of linoleate have been found 
to be the apparent minimiim daily requirement for rat 
response (24, 35, 90, 103). 
In an attempt to determine the quantitative and quali­
tative dietary lipid requirements for the calf, five grams of 
methyl esters (approximately 50 per cent methyl linoleate) 
were homogenized into the ration of calf 3773 each day after 
56 days of age. This calf seemed to respond slowly to the 
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llpld therapy (equivalent to 2.5 grams of methyl linoleate 
per day) by manifesting increased daily weight gains. When 
the lipid was increased to 15 grams per day (7.5 grams of 
methyl linoleate per day) there was a marked improvement in 
daily weight gain and general appearance. These results 
suggest that the dietary lipid requirement for this calf was 
•between 2.5 and 7-5 grams of methyl linoleate. 
Calf 3780 responded positively to I5 grams of pork 
liver fat added to the ration at eight weeks of age. From 
the analysis of the pork liver fat it was calculated that 
this calf received approximately 2.6 grams of linoleic acid 
and 2.8 grams of arachidonic acid each day. Since Greenberg 
et (57) found methyl arachidonate to have 3 • 5 times the 
biopotency of the linoleic acid, this would suggest that the 
calf received essential fatty acids equivalent to 12.6 grams 
of linoleic acid per day. 
Other calves (3784 and 3786), which received five grams 
of free fatty acids (approximately 50 per cent linoleic 
acid) homogenized in their milk twice daily from birth to 
five weeks responded poorly. Both calves had severe diarrhea, 
reacting similarly to calves fed relatively large amounts of u 
saturated fats (10, 59^ 60, 61, 78). 
During the subsequent three weeks, calf 3784 was fed 15 
grams of free fatty acids (approximately 7-5 grams of 
-94-
linoleic acid) daily. Incidence of diarrhea was reduced and 
daily weight gains and general appearance were somewhat better 
as the calf became adjusted to the ration indicating that 
the essential fatty acid requirments were being met. 
Calf 3786 lost lieight almost constantly while on this 
dietaiT regimen. At the beginning of the sixth week, the 
free fatty acids i\rere increased to I5 grams per day (7.5 
grams of linoleic acid) but this change seemed only to in­
tensify the excessive diarrhea and it was necessary to change 
the dietary lipid at the end of this vreek in order to save 
the life of the calf. 
It is possible but not probable that calf 3786 did not 
receive sufficient unsaturated fatty acids for normal growth 
and development. It seems more likely that the high incidence 
of diarrhea was caused by irritation of the gastrointestinal 
mucosa by the free fatty acids, thus causing a high incidence 
of diarrhea which in turn effected normal growth and develop­
ment of this calf. The calf made an astounding recovery 
when the free fatty acids vjere removed from and hydrogenated 
soybean oil and lecithin were added to the synthetic milk. 
This rapid recovery sxiggests that some linoleic acid probably 
was stored in adipose tissue, aiding in the rapid recovery 
when the dietary lipid vras changed. 
Samples of lipids used in the experiment were analyzed 
for polyunsaturated fatty acids (21, 100) to enable 
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Table 40 
Polyunsaturated Patty Acid Content of 
Various Lipids 
Dietary Lipid Linoleic Linolenic Arachidonic 
(per cent) 
Butter oil 2.8? 0.57 0.44 
Hydrogenated soybean oil O.39 0.07 0.00 
Crude soybesin oil 58.2? 11.03 0.00 
Lecithin 25-53 2.69 0.00 
calculation of the amounts of essential fatty acids in the 
various diets. The results are shown in Table 40. 
Calf 3640 received daily from the beginning of the ex­
perimental period, five grams of lecithin homogenized into 
the milk. The calf seemed to react in the same way as calves 
receiving large amounts of highly unsaturated fats in their 
diets (10, 60, 78, 97) i.e., loss of weight and excessive 
diarrhea. The data presented in Table 40 show that the 
calf received each day 1.28, O.13 and 0.00 grams of linoleic, 
linolenic and arachidonic acids, respectively. This would 
not seem to be adequate for the needs of the calf. Because 
of the critical condition of the calf it was removed from 
the experiment at five weeks of age in an attempt to save 
its life. 
Calf 3768 received lecithin at a slightly higher level 
(7.5 grams per day) at eight weeks of age, in an attempt to 
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effect recovery from fat deficiency. The calf lost weight 
during the subsequent four weeks on lecithin therapy (1-91 
grains linoleic and 0.20 grams of linolenlc acid per day). 
Recovery was satisfactory during the following three weeks 
when the lecithin intake was increased to 0.2 per cent and 
hydrogenated soybean oil (3.64 grams of linoleic and 0.44 
grams of linolenlc per 100 pounds of body weight per day) 
also was added to the ration. Thus, the increased Intake 
of polyunsaturated fatty acids may have been responsible for 
the Improved growth. However, Greenberg et (56) found 
that the growth rate increased in fat-depleted rats when fat 
was administered in addition to the essential fatty acids. 
It is entirely possible therefore that in the present inves­
tigation part of the beneficial effect of hydrogenated soy­
bean oil therapy to calves is due to fat per se. 
An unsatisfactory response was obtained when crude soy­
bean oil (58 per cent linoleic and 11 per cent linolenlc 
acid) was fed alone or with lecithin. The diarrhea produced 
by that lipid combination appeared to have confounded the 
beneficial results which might have been derived from the 
essential fatty acids (10, 60, 78, 97). 
Butter oil was fed to 3688 throughout the 12 week feeding 
trial and to 3596 and 3597 after the lipid depletion period 
in an attempt to obtsdJi recovery. Calf 3688 received three 
per cent fat in the milk which was fed at the rate of 13 
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per cent of body iveight per day. This provided daily approxi­
mately 5.1, 1.0 and 0.8 grams linoleic, linolenic and arachi-
donic acids, respectively, per 100 pounds of body weight. 
This calf, during the 12-week feeding period, made more rapid 
and more efficient gains than any of the other calves. The 
high content of poljnmsaturated fatty acids may have been 
responsible for the excellent response of this calf. Calf 
3597 was on the fat-depletion diet for 12 weeks and continued 
to lose vjeight for a short time sifter the diet was supplemented 
by butter oil. Before termination of the experiment, however, 
this calf responded to the butter oil as evidenced by weight 
gains and a return to more normal appearance. Calf 3596 on 
the fat-depletion diet for only eight weeks responded readily 
to butter oil therapy. The difference betvieen the response 
of 3597 and 3596 may have been associated v;ith the extent of 
lipid depletion. Calf 3597 was on the lipid-free ration for 
four weeks longer than 3596 and was in a critical condition 
when lipids were added to the ration. 
Hydrogenated soybean oil was fed as the only lipid to 
some of the calves while others received hydrogenated soybean 
oil and lecithin. Early in the experiment, it wsis observed 
that the calves receiving hydrogenated soybean oil plus 
lecithin consistently made larger weight gains than those 
receiving hydrogenated soybean oil as the only lipid supple­
ment. This is Illustrated in Figure 7. A summary of the 
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weight gains and TDN per 100 poixnds of body weight for the 
0 to 8 and 8 to 12 week periods are presented Jji Table 41. 
During the first feeding period the calves which received 
hydrogenated soybean oil plus lecithin were on a slightly 
lower caloric intake than calves which received only hydro­
genated soybean oil yet the former group made the larger and 
more efficient weight gains. During the 8 to 12 week feeding 
period the caloric intakes of the two groups of calves were 
identical but the group fed hydrogenated soybean oil plus 
lecithin continued to make faster and more efficient weight 
gains. 
Calves which received milk containing three per cent 
hydrogenated soybean oil, fed at the rate of 13 per cent of 
body weight dally, consumed only 0.69, 0.12 and 0.00 grams 
of linoleic, llnolenic and arachidonlc acids, respectively, 
per 100 pounds of body weight. Calves fed 2.8 per cent 
hydrogenated soybean oil and 0.2 per cent lecithin received 
3.64, 0.44 and 0.00 grams of linoleic, llnolenic and arachi­
donlc acids, respectively. These data indicate that the 
calves fed hydrogenated soybean oil as their only lipid 
source received an insufficient amoimt of unsaturated acids 
for maximum growth and feed efficiency. However, the growth 
of these animals exceeded that of calves on the non-fat 
diet supplemented with 2.5 grams of linoleic acid per day. 
Table /il Effect of Addition of Lecithin to a Seml-3ynthetic Mlllc-Hydrogenated 
Soybean Oil Diet 
Group Calf 0-8 VYeeKs 8-12 Weeks 
No, wt. Gain 3fv. TDN per tun per Wt. Gain Av. TUN per tun per Total Wt. 
from 0-8 
Weeks 
100 lbs.. 
Body Wt,^ 
lb. 
Gain 
from 8-12 
Weeks 
100 lb3._ 
Body Wt.-*-
lb. 
Gain 
Gain 12 
Weeks 
(lbs) Ubs) libs) (lbs) (lbs) (lbs) (lbs) 
H,S« B,0, + 3657 37.0 1.2 2.66 
Lecithin 3643 22.0 1.3 3.62 
3671 32.0 1.2 2.25 30.5 1.1 1.7 62.5 
3701 32.5 1.5 2.74 25,0 1.3 2.5 57.5 
3697 33.5 1.8 2.94 28.5 1.6 2.5 62.0 
Average 31./f 1.4 2.84 2S.0 1.4 2.2 59.4 
H.S.3.0. 3686 15.5 1.3 5.60 23.0 1.3 2.7 38,5 
3698 31.5 1.3 3.45 14.0 1.0 5.0 45.5 
3696 27.5 1.8 3.63 22.0 1.7 3.0 49.5 
Average 24.8 1.5 4.22 19.7 1.4 3.5 44.5 
^ Based on average weight of calves. 
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Prom data previously presented it appears that betiveen 2.5 and 
7.5 grams of linoleic acid ar-e required per calf daily for 
norsial growth of the calf when no fat is fed and between 0.8 
and 4.1 grams per 100 pounds of body weight when fat is in­
cluded in the ration. Based on a limited niimber of observa­
tions, this would suggest that fat contains some unidentified 
factors and/or fat per se has a sparing effect upon polyun­
saturated fatty acid requirements of the calf. 
This appears to be contrary to the observations of 
Deuel et (3^) who found that hydrogenated coconut oil 
had a depressing effect on the growth of rats fed a lovj-fat 
diet- however, this fat contained no unsaturated fatty acids. 
The depressing effect v;as completely counteracted by adequate 
supplementation with linoleate. Kummerow et al. (87) ob­
served that all young from rats receiving five per cent of a 
cominercial hydrogenated fat as their only lipid source died 
within 72 hours after birth. Other rats treated similarly 
but receiving methyl linoleate supplementation reared 80 
per cent of their young, thus showing the inadequate quantity 
of the essential fatty acids in hydrogenated fat for the 
rat. 
There are Indications that lecithin aids in fat absorp­
tion. Jones et al. {83) demonstrated increased absorption 
of fat and fat-soluble substances by the addition of an 
emulsifying agent such as lecithin. Kastelic et al. (84) 
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concluded on the basis of limited data that to avoid digestive 
disturbances in the young calf it was necessary to homo­
genize cottonseed oil in the presence of soy lecithin vjhich 
acted as an emulsifying agent. Figure 7 further indicates 
that the blood plasma fat values were higher in calves re­
ceiving hydrogenated soybean oil plus lecithin than in those 
receiving only hydrogenated soybeain oil. This suggests that 
hydrogenated soybean oil may be more completely absorbed when 
lecithin is added to the ration. Hoivever, Chung and Shaw 
(29) found that intravenous injections of a surface-active 
agent resulted in a marked increase in all plasma lipids 
except phospholipid; thus, they may in some manner affect 
fat metabolism, and therefore alter plassia fat levels, v;ith-
out clianging the digestibility of the fat. 
In this study the plasma lipid values vjere found to be 
very lovir at birth. These findings are in agreement with 
those of Allen et al. (3) who studied a niomber of blood 
samples taicen from calves before their first nursing and 
found the plasma fat to be undetectable by the "Allen fat" 
procediire. Moreover, it has been shown (4, 5) that the 
polyunsaturated fatty acids in calf plasma are extremely 
lov; at birth and that the levels increase subsequent to 
colostrum ingestion. Zaletel et al. (l40) studied the plasma 
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llpids of calves from birth to four days of a^e and found 
that all values increased msirkedly from very low initial 
levels. Because of the small store of essential fatty acids 
by the calf at birth and the limited colostrum intal-ce in the 
present study, fat deficiency syndromes probably developed 
earlier than might have occurred if the semi-synthetic milk 
had been introduced at a later age. 
Ih-'jo male calves, 3699 and 3700, v;hich vxere not muzzled, 
consumed some of the v7ood shavings used for bedding and 
rumination "was initiated at about seven weeks of age. Dis­
tension of the paunch vjas observed and this may have influ­
enced the v;eight gain of these calves. Prom ^<-9 days of age 
until they were removed from the lipid-free milk these 
calves had a better appearance than and their vjeight gains 
were superior to other calves in Group I. Perhaps through 
microorganism activity some of the essential fatty acids may 
have been synthesized by fermentation of celliilose in the 
rumen. Barki (11) reported that rats maintained on a fat-
deficient diet develop fat deficiency syndromes and then 
begin to synthesize linoleic and linolenic acid and the 
deficiency symptoms disappeair. VJhile this conclusion has 
not been confirmed by other investigators, it is possible 
that microflora can multiply and, in the case of the calf, 
synthesize at least part of the essential fatty acids. 
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Altho\igh this study has indicated the essentiality of 
lipids in the diet of the young calf, there is need for fur­
ther investigation concerning the role of unsaturated fatty 
acids, lecithin and of fat per se. Additional work needs to 
he done to determine the exact amount of unsaturated fatty 
acids required by the calf for normal growth and development. 
Further studies are needed to determine the contribution of 
lecithin in restoring growth and development to the fat-
deficient calf. There is still some question as to whether 
the beneficial effect of lecithin is due to its contribution 
of unsaturated fatty acids or to some other component or 
function of the lecithin molecule. The intravenous injection 
of lipids should be attempted in these studies since this 
technique offers attractive possibilities. Radioactive 
tracers also could be employed advantageously to study 
lipid metabolism in the calf. Work also needs to be done 
to study further the relationship of dietary lipids to 
incidence of diarrhea. 
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VI. SUMMARY 
The dietary essentiality of lipids for calves was 
studied by feeding a lipid-free, semi-synthetic milk con­
taining vitamin-free casein, C. P. lactose, minerals and 
vitamins. Five of the calves on the lipid-free ration re­
ceived lipid supplementation subsequent to eight weeks of 
age and the remaining three calves received lipid supple­
mentation after the twelfth week. In most instances, as 
lipids were added to the ration, milk intake was reduced to 
maintain a constant caloric intake. 
Twelve other calves received a similar diet plus various 
lipids. Weight records were kept and clinical observations 
were made daily on each calf. Blood plasma samples were 
analyzed for total fatty acids, "Allen fat", phospholipids 
and for linoleic, linolenic and arachidonic acids. 
Fat deficiency sjmdromes first appeared in the calves 
after six weeks on the lipid-free diet and were quite severe 
in 50 peJ^ cent of the calves after eight weeks. The fat de­
ficiency syndromes included scaly dandruff and loss of hair 
on the back, shoulders and tail. The hair remaining on the 
body was long, .dry and lacked the luster of the hair of the 
calves receiving lipids. Alopecia occasionally was noted 
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on the neck and tail of calves on the lipid-free diet. 
Diarrhea becaaie more coinmon as the calves approached 56 days 
on the lipid-free milk. 
Gain in body weight of the lipid-free calves v^as greatly 
retarded. The mean vreight gain from 0 to 56 days was 10.9 
pounds for calves fed the lipid-free diet as compared to 30.^ 
pounds for those which received an iso-caloric diet containing 
1.8 per cent hydrogenated soybean oil and 0.2 per cent 
lecithin. 
Response to fat supplementation by calves previously 
receiving lipid-free milk vjas dependent in part upon the 
extent of fat depletion before supplementation was begun. 
Butter oil alone and hydrogenated soybean oil plus lecithin 
were found to be most effective in promoting recovery from 
the fat deficiency syndrome. 
Blood plasma "Allen fat" levels v/ere significantly 
lower in the calves receiving the lipid-free milk than in 
the calves receiving lipids but at no time did the mean 
blood fat values drop below I5 mg. per cent in the lipid-
free group. Calves receiving hydrogenated soybean oil as 
the only lipid supplement had significantly lower plasma 
"Allen fat" values than did calves receiving hydrogenated 
soybean oil and lecithin. 
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Blood plasma phospholipids were consistently lower in 
the calves on the lipid-free diet. Phospholipid values were 
higher in calves receiving hydrogenated soybean oil plus 
lecithin than in calves receiving only hydrogenated soybean 
oil and both were higher thsin those of calves fed the lipid-
free diet. Total plasma fatty acid values were significantly 
higher in the lipid-fed calves than in the calves on lipid-
free diets. Blood plasma linoleic acid was significantly 
higher in the calves receiving lipids than in calves on the 
lipid-free diets. There was little difference in the blood 
plasma linolenic acid content of the various dietary groups. 
In some of the plasma samples no linolenic acid could be 
foimd. The arachidonic acid values were slightly higher in 
the calves receiving lipids but were comparatively low in 
all animals. 
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VII. CONCLUSIONS 
The data seem to support the following conclusions: 
(1) The calf requires unsaturated fatty acids for nor­
mal growth and development. It appears that fat per se also 
acts as a growth stimulus when unsaturated fatty acids are 
present in the ration. 
(2) The fat deficiency symptoms were retardation of 
growth, scaly dandruff and loss of hair over back, shoulders 
and tail. The hair remaining on the body was long, dry and 
lacked the luster of that of calves receiving lipids. Calves 
which received no lipids occasionally had alopecia on the 
neck and tail and incidence of diarrhea was high. 
(3) Calves which received hydrogenated soybean oil 
plus lecithin grew at a faster rate than calves fed hydro­
genated soybean oil as the sole lipid. The benefits de­
rived from adding lecithin probably were due to the 
unsatiirated fatty acids supplied by the lecithin. 
(4) Plasma "Allen fat" levels of calves which received 
hydrogenated soybean oil plus lecithin are higher than those 
of calves fed hydrogenated soybean oil as the only lipid. 
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